Nonfactual Know-How and the Boundaries of Semantics by Santorio, P
This is a repository copy of Nonfactual Know-How and the Boundaries of Semantics.
White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/87502/
Version: Accepted Version
Article:
Santorio, P (2016) Nonfactual Know-How and the Boundaries of Semantics. Philosophical 
Review, 125 (1). pp. 35-82. ISSN 0031-8108 
https://doi.org/10.1215/00318108-3321721
eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/
Reuse 
Unless indicated otherwise, fulltext items are protected by copyright with all rights reserved. The copyright 
exception in section 29 of the Copyright, Designs and Patents Act 1988 allows the making of a single copy 
solely for the purpose of non-commercial research or private study within the limits of fair dealing. The 
publisher or other rights-holder may allow further reproduction and re-use of this version - refer to the White 
Rose Research Online record for this item. Where records identify the publisher as the copyright holder, 
users can verify any specific terms of use on the publisher’s website. 
Takedown 
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by 
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request. 
/POGBDUVBM ,OPX)PX BOE UIF #PVOEBSJFT PG 4FNBOUJDT
1BPMP 4BOUPSJP
ĮħĢįĞīĬĢĭĲ Ĩğ ĥĞĞĝĬ
ѮJT QBQFS JT BCPVU UISFF UPQJDT LOPXIPX NFUBFUIJDBM FYQSFTTJWJTN BOE GPVOEB
UJPOBM RVFTUJPOT JO UIF UIFPSZ PG NFBOJOH ,OPXIPX BOE FYQSFTTJWJTN BSF VTVBMMZ
SFHBSEFE BT EJTKPJOU TVCKFDUT CFMPOHJOH UP EJTUBOU QSPWJODFT PG QIJMPTPQIZ ѮF JOWFT
UJHBUJPO PG LOPXIPX JT UBLFO UP GBMM TRVBSFMZ XJUIJO QIJMPTPQIZ PG NJOE XIJMF FY
QSFTTJWJTN IBT CFFO JOWFOUFE BOE EFWFMPQFE QSJNBSJMZ BT B QPTJUJPO JO NFUBFUIJDT *
BSHVF UIBU EFTQJUF PCWJPVT EJĒFSFODFT UIFTF EFCBUFT IBWF TUSVDUVSBM TJNJMBSJUJFT UIBU
SVO EFFQ *O QBSUJDVMBS POF DBO NBLF NBKPS NPWFT PO POF TJEF CZ NJSSPSJOH NPWFT
NBEF PO UIF PUIFS 4FNBOUJD BOE DPODFQUVBM UPPMT EFWFMPQFE CZ FYQSFTTJWJTUT DBO CF
FYQPSUFE UP UIF LOPXIPX EFCBUF BOE QVU UP VTF JO EFëFDUJOH BO JOëVFOUJBM MJOF PG BS
HVNFOU BCPVU LOPXIPX .PSFPWFS FYQSFTTJWJTN QSPWJEFT UIF SFTPVSDFT UP DSFBUF B
OFX GSBNFXPSL GPS UIJOLJOH BCPVU LOPXIPX ѮJT GSBNFXPSL JT OPOGBDUVBMJTUJU WBM
JEBUFT UIF JEFB UIBU LOPXJOH IPX UP EP TPNFUIJOH JT EJĒFSFOU GSPN LOPXJOH B GBDUCVU
PWFSDPNFT QSPCMFNT UIBU WJUJBUF NPSF DMBTTJDBM OPOGBDUVBMJTN BOE FTQFDJBMMZ UIF PCKFD
UJPO UIBU OPOGBDUVBMJTN BCPVU LOPXIPX JT JODPNQBUJCMF XJUI PVS CFTU TFNBOUJDT GPS
LOPXIPX SFQPSUT
 0WFSWJFX
ѮF DPOUFNQPSBSZ EFCBUF PO LOPXIPX TUBSUT XJUI DIBQUFS  PG 3ZMFT $PODFQU PG .JOE
	
 ѮFSF 3ZMF BSHVFT UIBU JOUFMMFDUVBM PQFSBUJPOT BOE TLJMMGVM BDUJPO BSF EJĒFSFOU
LJOET PG BDUJWJUJFT BOE JOWPMWF EJĒFSFOU LJOET PG NFOUBM TUBUFT *OUFMMFDUVBM PQFSBUJPOT
JOWPMWF QSPQPTJUJPOBM NFOUBM TUBUFT MJLF CFMJFGT BOE QSPQPTJUJPOBM LOPXMFEHFì TLJMMGVM
BDUJPO SFRVJSFT LOPXIPX XIJDI 3ZMF JEFOUJêFT XJUI BCJMJUJFT 4JODF BCJMJUJFT EPOU IBWF
QSPQPTJUJPOBM DPOUFOU LOPXIPX JT OPU B LJOE PG QSPQPTJUJPOBM LOPXMFEHF 3ZMF DPO
USBTUT IJT QPTJUJPO XJUI UIF WJFX IF DBMMT AJOUFMMFDUVBMJTN JF UIF DMBJN UIBU LOPXIPX
'PS DPNNFOUT BOE IFMQGVM EJTDVTTJPO UIBOLT UP "MFY #ZSOF +FOOJGFS $BSS :VSJ $BUI %JMJQ /JOBO "MF
KBOESP 1ÊSF[ $BSCBMMP #SJBO 3BCFSO 3PCFSU 4UBMOBLFS %BOJFM 4UPMKBS NBOZ BOPOZNPVT SFGFSFFT BU 1IJMP
TPQIJDBM 3FWJFX BOE BVEJFODFT BU UIF "/6 UIF 6OJWFSTJUZ PG -FFET UIF 6OJWFSTJUZ PG 3PDIFTUFS UIF 6OJ
WFSTJUZ PG *MMJOPJT BU $IJDBHP UIF 6OJWFSTJUZ PG /PUUJOHIBN BOE UIF 0SEJOBSZ -BOHVBHF -JOHVJTUJDT BOE
1IJMPTPQIZ $POGFSFODF BU UIF 6OJWFSTJUZ PG 4U "OESFXT 	+VOF 

ìѮSPVHIPVU UIF QBQFS *MM CF BTTVNJOH GPMMPXJOH 8JMMJBNTPO  UIBU UIFSF BSF GBDUJWF NFOUBM TUBUFT
)FODF CPUI QSPQPTJUJPOBM LOPXMFEHF BOE LOPXIPX DPVOU BTNFOUBM TUBUFT 	0O UIF OPOGBDUVBMJTU QJDUVSF
JUT OPU JNNFEJBUFMZ DMFBS XIBU UIF GBDUJWJUZ PG LOPXIPX BNPVOUT UP 4FF TFDUJPO  GPS B QBSUJBM BOTXFS


JT B LJOE PG LOPXMFEHFUIBU )FSF * EPOU EJTDVTT 3ZMFT BSHVNFOU XIJDI NVDI SFDFOU
MJUFSBUVSF IBT TIPXO UP CF QSPCMFNBUJD BU CFTU .PSFPWFS * EPOU SFMZ PO IJT DIBSBDUFSJ
[BUJPOT PG JOUFMMFDUVBMJTN BOE LOPXIPX XIJDI BSF FRVBMMZ DPOUFOUJPVTí .Z JOUFSFTU JT
JO UIF CBTJD DBUFHPSJFT JOUSPEVDFE CZ 3ZMF BOE JO UIF JOUVJUJWF DPOUSBTU CFUXFFO B LJOE PG
LOPXMFEHF UIBU SFQSFTFOUT GBDUT BOE B LJOE PG LOPXMFEHF UIBU HVJEFT TVCKFDUT JO BDUJPO
"MUIPVHI NBOZ BTQFDUT PG 3ZMFT PSJHJOBM EJTDVTTJPO BSF PCTPMFUF UIF DPOUSBTU CFUXFFO
UIFTF UXP LJOET PG LOPXMFEHF JT TUJMM BU UIF CBTJT PG UIF DPOUFNQPSBSZ EFCBUF
8IJMF 3ZMFT QPTJUJPO XBT EPNJOBOU UISPVHIPVU UIF UXFOUJFUI DFOUVSZ UIF PSUIP
EPYZ IBT CFFO SFWFSTFE PWFS UIF QBTU ZFBST 4UBOMFZ BOE 8JMMJBNTPO 	
 BOE NPSF
SFDFOUMZ 4UBOMFZ BMPOF 	
 IBWF BEWPDBUFE UIF JEFB UIBU DPOUSBSZ UP 3ZMFT BDDPVOU
TPNFPOFT LOPXJOH IPX UP φ KVTU DPOTJTUT JO UIFJS LOPXJOH DFSUBJO QSPQPTJUJPOT 4UBO
MFZ HJWFT B QJUIZ BOE FĒFDUJWF TUBUFNFOU PG UIF WJFX
<,>OPXJOH IPX UP EP TPNFUIJOH JT UIF TBNF BT LOPXJOH B GBDU *U GPMMPXT UIBU
MFBSOJOH IPX UP EP TPNFUIJOH JT MFBSOJOH B GBDU 'PS FYBNQMF XIFO ZPV MFBSOFE
IPX UP TXJN XIBU IBQQFOFE JT UIBU ZPV MFBSOFE TPNF GBDUT BCPVU TXJNNJOH
,OPXMFEHF PG UIFTF GBDUT JT XIBU HBWF ZPV LOPXMFEHF PG IPX UP TXJN 	4UBOMFZ
 QBHF 

*O UIJT QBQFS *N HPJOH UP VTF AGBDUVBMJTN BT B MBCFM GPS BOZ WJFX JODPSQPSBUJOH UIF DMBJN
UIBU LOPXJOH IPX UP EP TPNFUIJOH DPOTJTUT JO LOPXJOH GBDUT BOE AOPOGBDUVBMJTN BT B
CMBOLFU UFSN GPS WJFXT UIBU EFOZ JU
ѮF BSHVNFOU UIBU UBLFT DFOUFS TUBHF JO 4UBOMFZ BOE8JMMJBNTPOT 	IFODFGPSUI 48

EFGFOTF PG GBDUVBMJTN JT CBTFE PO UIF TFNBOUJDT PG LOPXIPX BTDSJQUJPOT ѮFZ PCTFSWF
UIBU LOPXIPX BTDSJQUJPOT MJLF
	
 4BN LOPXT IPX UP DPPL SJTPUUP
TIBSF CPUI TZOUBDUJD TUSVDUVSF BOE DPNQPTJUJPOBM TFNBOUJDT XJUI PUIFS LOPXMFEHF SF
QPSUT JOWPMWJOH FNCFEEFE RVFTUJPOT TVDI BT
	
 4BN LOPXT XIP DPPLFE UIF SJTPUUP IF BUF
*U JT BO FTUBCMJTIFE DMBJN JO UIF TFNBOUJDT MJUFSBUVSF UIBU TFOUFODFT MJLF 	
 BSF KVTU BT
DSJQUJPOT PG QSPQPTJUJPOBM LOPXMFEHF 'SPN IFSF UIFZ JOGFS UIBU HJWFO UIF VOJGPSNJUZ
JO UIF TZOUBY BOE UIF TFNBOUJDT PG UIF UXP TFOUFODFT BMTP TFOUFODFT MJLF 	
 XPSL BT
BTDSJQUJPOT PG QSPQPTJUJPOBM LOPXMFEHF )FODF UIFZ DPODMVEF LOPXIPX JT B LJOE PG
LOPXMFEHFUIBU
.Z CBTJD PCTFSWBUJPO JT UIBU 48T TFNBOUJD BSHVNFOU JT JOUFSFTUJOHMZ TJNJMBS UP B
DMBTTJDBM PCKFDUJPO UP NFUBFUIJDBM FYQSFTTJWJTN &YQSFTTJWJTN JT B GPSN PG BOUJSFBMJTN
í'PS B UISPVHI EJTDVTTJPO PG 3ZMFT BSHVNFOU TFF 4UBOMFZ 8JMMJBNTPO  4UBOMFZ  GPS B DSJUJRVF PG
UIF JEFOUJêDBUJPO PG LOPXIPX BOE BCJMJUJFT TFF (JOFU  BOE NPSF SFDFOUMZ #FOHTPO  .PĒFUU 

BCPVU OPSNBUJWJUZ NPUJWBUFE 	BU MFBTU JO QBSU
 CZ UIF SFKFDUJPO PG OPSNBUJWF GBDUTî $PO
USBSZ UP PUIFS GPSNT PG BOUJSFBMJTN IPXFWFS FYQSFTTJWJTUT XBOU UP GVMMZ WJOEJDBUF OPS
NBUJWF UIPVHIU BOE UBML 3PVHIMZ UIFZ DMBJN UIBU OPSNBUJWF TUBUFNFOUT EPOU FYQSFTT
SFQSFTFOUBUJPOBM BUUJUVEFT MJLF CFMJFGT BOE IFODF UIFJS DPOUFOUT BSF OPU PSEJOBSZ QSPQPTJ
UJPOT 0OF DMBTTJDBM PCKFDUJPO UP UIJT WJFX JT XIBU HPFT VOEFS UIF OBNF PG A'SFHF(FBDI
QSPCMFN FYQSFTTJWJTUT BSF VOBCMF UP BDDPVOU GPS UIF DPNQPTJUJPOBM TUSVDUVSF BOE UIF
MPHJDBM QSPQFSUJFT PG FUIJDBM DMBJNT ѮVT UIFSF JT B CBTJD BOBMPHZ CFUXFFO UIF UXP EF
CBUFT *O CPUI DBTFT B NFUBQIZTJDBM DMBJN 	LOPXIPX JT OPU B SFMBUJPO CFUXFFO TVCKFDUT
PG LOPXMFEHF BOE GBDUT BOE UIFSF BSF OP GBDUT QFSUBJOJOH UP UIF OPSNBUJWF
 JT SFKFDUFE
PO TFNBOUJD HSPVOET
4PQIJTUJDBUFE CSBOET PG FYQSFTTJWJTN EFWFMPQ B TFNBOUJDT UIBU JT EFTJHOFE UP BOTXFS
UIJT XPSSZ )FSF * UBLF BT NZ CFODINBSL UIFPSZ "MMBO (JCCBSET TFNBOUJDT GPS OPSN
FYQSFTTJWJTN 	
 ѮSPVHIPVU UIJT QBQFS * FYQMPSF XIBU IBQQFOT PODF XF FYQPSU UP
LOPXIPX UIF NBJO JOTJHIUT CFIJOE (JCCBSET NPWFT JO NFUBFUIJDT * EP UIJT JO UXP
TUBHFT
'JSTU * BSHVF UIBU 48T BSHVNFOU DBO CF SFTJTUFE WJB BO FYQSFTTJWJTU TUSBUFHZ (JC
CBSET DFOUSBM JOTJHIU JT UIBU XF DBO SFUBJO UIF CBTJD DPNQPTJUJPOBM TUSVDUVSF PG TUBOEBSE
TFNBOUJDT GPS OPSNBUJWF MBOHVBHF XIJMF SFNBJOJOH OFVUSBM BCPVU XIBU DPOUFOUT BSF FY
QSFTTFE CZ OPSNBUJWF DMBJNT 4JNJMBSMZ * BSHVF XF DBO GVMMZ IFMQ PVSTFMWFT UP TUBOEBSE
DPNQPTJUJPOBM TFNBOUJDT GPS FNCFEEFE RVFTUJPOT XIJMF SFNBJOJOH OFVUSBM BCPVU XIBU
NFOUBM DPOUFOUT BSF BTDSJCFE CZ LOPXIPX SFQPSUT ѮF SFTVMU JT B USFBUNFOU PG LOPX
IPX SFQPSUT UIBU NJSSPST JO SFMFWBOU SFTQFDUT UIF GVODUJPOJOH PG SFQPSUT PG OPSNBUJWF
BUUJUVEFT PO (JCCBSET QJDUVSF *O CPUI DBTFT JU JT QIJMPTPQIZ PG NJOE SBUIFS UIBO TF
NBOUJDT UIBU ESJWFT PVS WJFXT BCPVU UIF DPOUFOUT PG TUBUFT PG LOPXIPX
"ѫFS CMPDLJOH 48T BSHVNFOU * UVSO UP UIF UBTL PG TLFUDIJOH B HFOFSBM WJFX PG
LOPXIPX UIBU JT OPOGBDUVBMJTU BOE BU UIF TBNF UJNF JT GVMMZ DPNQBUJCMF XJUI TUBOEBSE
TFNBOUJDT GPS FNCFEEFE RVFTUJPOT "HBJO UIF QBSBMMFM XJUI FYQSFTTJWJTN JT GSVJUGVM *
EFêOF B OFX BUUJUVEF UIBU PG IBWJOH B QMBO XIJDI XPSLT BT B OPOGBDUJWF DPVOUFSQBSU
PG LOPXIPX ѮF TFNBOUJDT GPS IBWJOH B QMBO JT EFTJHOFE PO UIF CMVFQSJOU PG QPTTJCMF
XPSME TFNBOUJDT CVU FYQMPJUT EJĒFSFOU LJOET PG BUPNT OBNFMZ NBYJNBM QFSGPSNBODF
QMBOT *OUVJUJWFMZ UIFTF BSF GVMMZ TQFDJêFE TFUT PG JOTUSVDUJPOT GPS FYFDVUJOH UBTLT ѮF
EJĒFSFODF JO DPOUFOU CFUXFFO CFMJFG BOE IBWJOH B QMBO JT KVTUJêFE CZ B EJĒFSFODF JO
GVODUJPOBM SPMF ѮF GVODUJPOBM SPMF PG CFMJFG JT 	BNPOH PUIFS UIJOHT
 SFDPSEJOH BOE
TUPSJOH JOGPSNBUJPO GSPN UIF FOWJSPONFOU * EFOZ UIBU IBWJOH B QMBO IBT B GVODUJPOBM
SPMF PG UIJT LJOE 3BUIFS JUT NBJO GVODUJPOBM SPMF JT HVJEJOH QFSGPSNBODF PG BDUJPO
îѮJT DPNFT XJUI B RVBMJêDBUJPO 1SPQPOFOUT PG FYQSFTTJWJTN 	BU MFBTU PG DFSUBJO DPSF WFSTJPOT PG FYQSFT
TJWJTN TVDI BT (JCCBSET OPSNFYQSFTTJWJTN
 JOTJTU UIBU UIFZ DBO WJOEJDBUF PSEJOBSZ UBML PG GBDUT #VU UIFJS
NFUBQIZTJDBM QJDUVSF JT EJĒFSFOU GSPN UIF SFBMJTUT BU MFBTU JO UIF TFOTF UIBU UIFZ BSF OPU XJMMJOH UP CFTUPX
PO OPSNBUJWF GBDUT UIF TBNF LJOE PG NFUBQIZTJDBM TUBUVT UIBU UIFZ HSBOU UP GBDUT PG 	TBZ
 QIZTJDT *U JT UIJT
EJĒFSFODF UIBU * XBOU UP MBUDI PO UP IFSF

ѮF PWFSBMM QSPKFDU PG UIJT QBQFS DPOOFDUT UP B USFOE PG SFDFOU XPSL JO QIJMPTPQIZ PG
MBOHVBHF 0WFS UIF QBTU UFO ZFBST B OVNCFS PG XSJUFST IBWF EFGFOEFE CSBOET PG FYQSFT
TJWJTN BCPVU FQJTUFNJD EFPOUJD BOE QSPCBCJMJTUJD WPDBCVMBSZ UIBU BSF FYQMJDJUMZ JOTQJSFE
CZ (JCCBSE TFF BNPOH NBOZ 4XBOTPO  BOE  :BMDJO  B C
.PTT  	BT XFMM BT IFS  GPS TPNF DPOTFRVFODFT BCPVU QIJMPTPQIZ PG NJOE

3PUITDIJME  $IBSMPX  ѮJT QBQFS DBO CF TFFO BT TLFUDIJOH B SFMBUFE LJOE
PG FYQSFTTJWJTN BCPVU B EJĒFSFOU MJOHVJTUJD EPNBJO ѮF JEFB PG VTJOH FYQSFTTJWJTUJD
UPPMT GPS VOEFSTUBOEJOH LOPXIPX IBT OPU CFFO FYQMPSFE CFGPSF UP NZ LOPXMFEHF 4P
NPTU PG UIF QBQFS GPDVTFT PO GPVOEBUJPOBM XPSL NPUJWBUJOH UIF WJFX CZ TIPXJOH IPX
JU DPOOFDUT UPNPSF USBEJUJPOBM OPOGBDUVBMJTN BOE QSPWJEJOH B HFOFSBM OPOGBDUVBMJTU BD
DPVOU PG UIF DPOUFOUT PG TUBUFT PG LOPXIPX * TLFUDI B GPSNBM TFNBOUJDT GPS LOPXIPX
SFQPSUT JO UIF BQQFOEJY
 ѮF TFNBOUJD BSHVNFOU GPS GBDUVBMJTN
 4UBOMFZ BOE8JMMJBNTPOT BSHVNFOU
#FGPSF TUBSUJOH POF DBWFBU * VTF 4UBOMFZ BOE 8JMMJBNTPOT PSJHJOBM QBQFS BT NZ NBJO
TPVSDF GPS UIF GBDUVBMJTU MJOF UIBU * XBOU UP SFKFDU * XJMM SFGFS FYQMJDJUMZ UP 4UBOMFZT NPSF
SFDFOU CPPL XIFOFWFS JU NBLFT B EJĒFSFODF
-FU NF CFHJO CZ HJWJOH BO FYQMJDJU EFêOJUJPO PG GBDUVBMJTN
	'BDU
 4T LOPXJOH IPX UP φ DPOTJTUT JO 4T TUBOEJOH JO UIF LOPXMFEHFUIBU SFMBUJPO
UP B DFSUBJO SFMFWBOU QSPQPTJUJPO PS TFU PG QSPQPTJUJPOT
$POTJEFS BO FYBNQMF "ѫFS DBSFGVM TUVEZ BOE NVDI FYQFSJNFOUBUJPO JO UIF LJUDIFO
4BN IBT BDRVJSFE UIF LOPXIPX UIBU JT SFMFWBOU GPS NBLJOH SJTPUUP ѮF QSPQPTJUJPO
UIBU 4BN IBT MFBSOFE JT UIBU B DFSUBJO XBZ X JT B XBZ GPS IJN UP NBLF SJTPUUP ,OPXMFEHF
PG UIJT QSPQPTJUJPO JT XIBU HVJEFT 4BN XIJMF DPPLJOH GPS FYBNQMF LOPXMFEHF PG UIJT
QSPQPTJUJPO JT XIBU NBLFT JU UIF DBTF UIBU IFT BCMF UP UFMM XIFO UIF SJDF IBT UPBTUFE MPOH
FOPVHI CFGPSF IF TUBSUT QPVSJOH JO UIF CSPUIņ
/PUJDF UIBU 	'BDU
 JT OPUNFBOU UP TQFDJGZ B GVMM BDDPVOU PG LOPXIPX 'BDUVBMJTUTXJMM
MJLFMZ XBOU UP TVQQMFNFOU 	'BDU
 XJUI TPNF NPSF TQFDJêD DMBJNT 'PS FYBNQMF 48
DMBJN UIBU LOPXIPX JOWPMWFT FOUFSUBJOJOH QSPQPTJUJPOT JO B TQFDJêD XBZ PS VOEFS B
QBSUJDVMBS NPEF PG QSFTFOUBUJPO 4BN DBO HFU BDRVBJOUFE XJUI UIF SJHIU XBZ PG NBLJOH
SJTPUUP CZ XBUDIJOH B 57 TIPX PS CZ TFFJOH NF DPPL SJTPUUP GPS IJN *O UIFTF DBTFT IF
NJHIU DPNF UP CFMJFWF UIF SFMFWBOU QSPQPTJUJPO CVU XPOU HFU UIF SFMFWBOU LOPXIPX
ņ*G UIJT TPVOET MJLF BO VOGBNJMJBS TUFQ JO NBLJOH SJTPUUP DIFDL PVU UIF JOTUSVDUJPOT BU
IUUQDVMJOBSZBSUTBCPVUDPNPESJDFHSBJOTTTSJTPUUPIUN

ѮJT BDDPSEJOH UP 48 CFDBVTF UIF QSPQPTJUJPO JT OPU FOUFSUBJOFE JO UIF BQQSPQSJBUF
XBZ * XPOU CF DPODFSOFE XJUI UIJT BTQFDU PG UIFJS WJFX GPS UIFNPNFOU TP * TFU JU BTJEF
-FU NF JOUSPEVDF TPNF UFSNJOPMPHZ * VTF ALOPXMFEHFXI SFQPSUT UP EFOPUF BMM
LOPXMFEHF SFQPSUT XIFSF UIF DPNQMFNFOU DMBVTF JT BO FNCFEEFE RVFTUJPO * BMTP VTF
ALOPXIPX SFQPSUT UP EFOPUF UIF LOPXMFEHF SFQPSUT XJUI JOêOJUJWBM DMBVTBM DPNQMF
NFOUT UIBU BSF UZQJDBMMZ FNQMPZFE JO BUUSJCVUJPOT PG LOPXIPX "O FYBNQMF PG B LOPX
IPX SFQPSU JT
	
 4BN LOPXT IPX UP DPPL SJTPUUP
/PX UP UIF BSHVNFOU 48 TUBSU CZ QSPWJEJOH B TZOUBDUJD BOBMZTJT PG LOPXIPX SF
QPSUT *O MJOF XJUI TUBOEBSE WJFXT JO MJOHVJTUJD TZOUBY UIFZ DMBJN UIBU TFOUFODFT MJLF 	

JOWPMWF B DPNQMFNFOU DMBVTF XJUI UXP DPWFSU GFBUVSFT B DPWFSU TVCKFDU UIF QSPOPVO
130 BOE B USBDF U UIBU IBT UIF TBNF TVCTDSJQU BT IPXŇ
4BN LOPXT <IPXJ 130 UP DPPL SJTPUUP UJ>
48T OFYUNPWF DPOTJTUT JO OPUJDJOH UIBU UIJT TZOUBDUJD TUSVDUVSF JT TIBSFE CZ BMM LOPXMFEHF
XI SFQPSUT ѮVT 	
 TIBSFT JUT CBTJD TZOUBY XJUI LOPXMFEHFXI SFQPSUT XJUI VOUFOTFE
DPNQMFNFOU DMBVTFT MJLF
	
 4BN LOPXT XIFO UP DPPL SJTPUUP
	
 4BN LOPXT XIFSF UP FBU HPPE SJTPUUP JO /FX :PSL $JUZ
BT XFMM BT XJUI LOPXMFEHFXI SFQPSUT JOWPMWJOH UFOTFE DPNQMFNFOUT MJLF
	
 4BN LOPXT XIP DPPLFE UIF SJTPUUP IF BUF
	
 4BN LOPXT IPX * DPPLFE SJTPUUP GPS IJN
'JOBMMZ UIFZ QPJOU PVU UIBU BMM UIFTF TUBUFNFOUT BSF USFBUFE PO B QBS CZ TFNBOUJD BDDPVOUT
PG FNCFEEFE RVFTUJPOT 'PS FYBNQMF PO UIF BDDPVOU QSPQPTFE CZ ,BSUUVOFO  BMM
FNCFEEFE RVFTUJPOT EFOPUF UIF TFU PG UIFJS USVF BOTXFST ѮVT UIF FNCFEEFE RVFTUJPO
AXIP DPPLFE UIF SJTPUUP IF BUF JO 	
 EFOPUFT UIF TFU DPOUBJOJOH UIF USVF QSPQPTJUJPO Y
DPPLFE UIF SJTPUUP 4BN BUF XIFSF Y JT UIF QFSTPO XIP BDUVBMMZ DPPLFE UIF SJTPUUP 4BN
BUF 4JNJMBSMZ UIF FNCFEEFE RVFTUJPO AIPX UP DPPL SJTPUUP EFOPUFT UIF TFU DPOUBJOJOH
UIF QSPQPTJUJPO X JT B XBZ GPS 4BN UP DPPL SJTPUUP XIFSF X JT JOEFFE TVDI B XBZ
0O UIJT CBTJT 48DPODMVEF UIBU LOPXIPX SFQPSUT PO B QBSXJUI PUIFS LOPXMFEHF
XI SFQPSUT TUBUF UIBU B TVCKFDU IBT LOPXMFEHF PG B QSPQPTJUJPO JO UIF TFOTF PG ALOPXM
ŇѮF USBDF U KVTU NBSLT UIF QPTJUJPO XIFSF UIF RVFTUJPO XPSE IPX XBT CFGPSF VOEFSHPJOH TZOUBDUJD NPWF
NFOU ѮF TVCTDSJQUT XIJDI BSF OPSNBMMZ DBMMFE JOEJDFT NBSL UIF GBDU UIBU UIF UXP FMFNFOUT BSF MJOLFE
TZOUBDUJDBMMZ BOE TFNBOUJDBMMZ

FEHF UIBU JT GBNJMJBS GSPN LOPXMFEHFUIBU SFQPSUT
'SPN B MJOHVJTUJD QFSTQFDUJWF WFSZ MJUUMF JT TQFDJBM BCPVU BTDSJQUJPOT PG LOPXMFEHF
IPX *U JT IBSE UP NPUJWBUF TJOHMJOH UIFN PVU GPS TQFDJBM USFBUNFOU GSPN UIF SFTU
PG B GBNJMZ PG SFMBUFE DPOTUSVDUJPOT 0VS WJFX PG BTDSJQUJPOT PG LOPXMFEHFIPX
JT UIF BOBMZTJT SFBDIFE PO GVMM DPOTJEFSBUJPOT PG UIFTF DPOTUSVDUJPOT CZ UIFPSJTUT
VOFODVNCFSFE CZ UIF SFMFWBOU QIJMPTPQIJDBM QSFKVEJDFT 	 QBHF 

'SPNIFSF TXJUDIJOH GSPN UIF GPSNBMNPEF UP UIFNBUFSJBMNPEF UIFZ DMBJN UIBU LOPX
IPX KVTU DPOTJTUT JO UIF PCUBJOJOH PG QSPQPTJUJPOBM LOPXMFEHF
 3FTJTUJOH UIF BSHVNFOU UXP PQUJPOT
*UT VTFGVM UP MBZ EPXO B TDIFNBUJD SFQSFTFOUBUJPO PG UIF BSHVNFOU
	1
 4FNBOUJD VOJGPSNJUZ "MM LOPXMFEHFXI SFQPSUT IBWF B VOJGPSN
DPNQPTJUJPOBM TFNBOUJDT
	1
 ,OPXMFEHFXIBT QSPQPTJUJPOBM ,OPXMFEHFXIP LOPXMFEHFXIFO
FUD SFQPSUT BSF BTDSJQUJPOT PG QSPQPTJUJPOBM LOPXMFEHF
	1
 5SVUIDPOEJUJPOBM VOJGPSNJUZ *G BMM LOPXMFEHFXI SFQPSUT IBWF B
VOJGPSN TZOUBY BOE TFNBOUJDT BOE JG PUIFS LOPXMFEHFXI SFQPSUT
BSF BTDSJQUJPOT PG QSPQPTJUJPOBM LOPXMFEHF UIFO BMTP LOPXIPX
SFQPSUT NVTU CF BTDSJQUJPOT PG QSPQPTJUJPOBM LOPXMFEHF
	$
 ,OPXIPX SFQPSUT BSF BTDSJQUJPOT PG QSPQPTJUJPOBM LOPXMFEHF 	'SPN
	1
 	1
 	1


	$
 ,OPXIPX DPOTJTUT JO QSPQPTJUJPOBM LOPXMFEHF 	'SPN 	$


ѮF BSHVNFOU FTTFOUJBMMZ DPOTJTUT PG UXP TUFQT ѮF êSTU GSPN 	1
m	1
 UP 	$
 NPWFT
GSPN UIF VOJGPSNJUZ JO UIF DPNQPTJUJPOBM TFNBOUJDT PG LOPXMFEHFXI SFQPSUT UP UIF
DMBJN UIBU UIFJS USVUI DPOEJUJPOT BSF VOJGPSN ѮF TFDPOE GSPN 	$
 UP 	$
 NPWFT
GSPN DMBJNT BCPVU BUUJUVEF SFQPSUT UP DMBJNT BCPVU BUUJUVEFT UIFNTFMWFT
0QQPOFOUT PG GBDUVBMJTN HFOFSBMMZ SFTJTU UIF BSHVNFOU CZ SFKFDUJOH UIF TFDPOE TUFQ
ѮF TUSBUFHZ JT UP SFTJTU UIF WFSZ JEFB UIBU MBOHVBHF TIPVME CF SFMFWBOU UP UIF OBUVSF PG
NFOUBM TUBUFT &NQJSJDBM XPSL JO DPHOJUJWF TDJFODF IBT WJOEJDBUFE B EJTUJODUJPO UIBU TVH
HFTUJWFMZ SFTFNCMFT UIF GPML EJTUJODUJPO CFUXFFO LOPXIPX BOE QSPQPTJUJPOBM LOPXM
FEHF 	TFF BNPOH NBOZ 8BMMJT  "EBNT  BOE SFGFSFODFT UIFSFJO
 *O UIF GBDF
PG UIJT FWJEFODF UIF BSHVNFOU HPFT BMM BSHVNFOUT CBTFE PO MBOHVBHF BSF SFMJDT GSPN UIF
CFIBWJPSJTNSJEEFO FSB PG PSEJOBSZ MBOHVBHF QIJMPTPQIZ )FSF JT B UZQJDBM TUBUFNFOU PG
UIJT WJFX EVF UP "MWB /PÌ

4UBOMFZ BOE 8JMMJBNTPOT JOWFTUJHBUJPO JT JO TPNF XBZT NFUIPEPMPHJDBMMZ CBDL
XBSE *U JT B NBSL PG QIJMPTPQIJDBM QSPHSFTT UIBU XF DBO OPX TFF UIBU OFJUIFS MJO
HVJTUJD BOBMZTJT OPS DVMUJWBUFE JOUVJUJPOT BSF UIF LFZ UP VOEFSTUBOEJOH UIF OBUVSF
PG NJOE 	 QBHF 

ѮJT JT OPU UIF QPTJUJPO * XBOU UP UBLF IFSF *O GBDU * UIJOL UIBU UIF TUFQ GSPN 	$
 UP
	$
 JT VOQSPCMFNBUJDPS BU MFBTU SFKFDUJOH JU DPNNJUT VT UP BO FSSPS UIFPSZ UIBU IBT
IJHI DPTUT GPS QIJMPTPQIZ PG NJOE
ѮJT DMBJN JT OPU DFOUSBM UPNZ QVSQPTFT CVU MFUNF CSJFëZNPUJWBUF JU * BTTVNF IFSF
UIBU QIJMPTPQIJDBM UIFPSJFT PG BUUJUVEFT BJN BU TZTUFNBUJ[JOH GPML QTZDIPMPHJDBM OPUJPOT
XJUI UIF êOBM BJN PG JOUFSQSFUJOH BOE NBLJOH TFOTF PG BHFOUT CFIBWJPSň )FODF UIF
OPUJPOT PG BUUJUVEFT UIBU XF VTF JO UIFTF UIFPSJFT BSF SFêOFNFOUT PG UIF DPSSFTQPOEJOH
GPML QTZDIPMPHJDBM OPUJPOT "DDPSEJOHMZ PSEJOBSZ BTDSJQUJPOT PG BUUJUVEFT BSF HPJOH UP CF
QBSU PG UIF JOQVU EBUB UP PVS UIFPSZ 1BSU PG XIBU XFXBOU UP FYQMBJOXJUI B QIJMPTPQIJDBM
UIFPSZ PG CFMJFG EFTJSF PS LOPXIPX JT PVS PSEJOBSZ BTDSJQUJPOT PG CFMJFGT EFTJSFT BOE
LOPXIPX
*G UIJT JT DPSSFDU JU XPVME CF B TJHOJêDBOU DPTU JG PVS UIFPSZ PG BUUJUVEFT FOEFE VQ
TZTUFNBUJDBMMZ GBMTJGZJOH BMM PSEJOBSZ BTDSJQUJPOT PG LOPXIPX " UIFPSZ PG LOPXIPX
UIBU USFBUT PVS LOPXIPX BTDSJQUJPOT BT TZTUFNBUJDBMMZ NJTUBLFO JT B UIFPSZ UIBU GBJMT UP
BDDPNNPEBUF B CJH QBSU PG JUT TUBSUJOH EBUB 'PS B DPNQBSJTPO UBLF CFMJFG B QIJMPTPQI
JDBM UIFPSZ PG CFMJFG UIBU TZTUFNBUJDBMMZ GBMTJêFE BMM CFMJFG BTDSJQUJPOT JO OBUVSBM MBOHVBHF
XPVME CF IBSE UP UBLF TFSJPVTMZ "ENJUUFEMZ JU JT BO FNQJSJDBM QPTTJCJMJUZ UIBU PSEJ
OBSZ MBOHVBHF BTDSJQUJPOT DBOOPU VMUJNBUFMZ CF WJOEJDBUFE #VU XF DBO POMZ FNCSBDF
UIJT QPTTJCJMJUZ BT B MBTU SFTPSU *O UIF NFBOUJNF XF TIPVME LFFQ USZJOH UP TRVBSF PVS
QIJMPTPQIZ PG NJOE XJUI PSEJOBSZ UIPVHIU BOE UBML BCPVU LOPXIPXŉ
)FODF * UBLF OP JTTVF XJUI UIF TUFQ GSPN 	$
 UP 	$
 #VU * EP UIJOL UIBU 48T
BSHVNFOU JT VOTPVOE ѮF QSPCMFNBUJD TUFQ JT UIF POF GSPN 	1
m	1
 UP 	$
 BOE JO
QBSUJDVMBS QSFNJTF 	1
 "T *N HPJOH UP BSHVF 	1
 JOWPMWFT B DPOëBUJPO CFUXFFO EJG
GFSFOU MFWFMT JO B UIFPSZ PGNFBOJOH TUSVDUVSBM BOBMPHJFT JO UIF DPNQPTJUJPOBM TFNBOUJDT
ň8IJMF UIJT DMBJN NJHIU OPU CF TIBSFE CZ FWFSZPOF JU JT XJEFMZ FOEPSTFE 'PS FYBNQMF JU JT BU UIF DFOUFS PG
BMM WFSTJPOT PG JOUFSQSFUJWJTN UIF WJFX UIBU UIF DPSSFDU BTTJHONFOU PG NFOUBM TUBUFT UP B TVCKFDU JT UIF POF
UIBU BMMPXT VT UP NBLF CFTU TFOTF PG UIFJS CFIBWJPS 	'PS B DMBTTJDBM TUBUFNFOU PG UIJT WJFX TFF -FXJT 

ŉ0OF XPSSZ XIJDI TFFNT UP NPUJWBUF /PÌ BOE PUIFST JT UIBU GBDUVBMJTN NJHIU TFFN JODPNQBUJCMF XJUI
FYQFSJNFOUBM FWJEFODF DPODFSOJOH LOPXIPX #Z GPMMPXJOH 48 UIF UIPVHIU HPFT XF FOE VQ XJUI B
UIFPSZ UIBU JT JO DPOëJDU XJUI PVS CFTU DPHOJUJWF TDJFODF PG LOPXIPX UIJT JT DMFBSMZ VOBDDFQUBCMF #VU UIF
XPSSZ JT NJTHVJEFE ѮFSF JT OP DPOëJDU CFUXFFO GBDUVBMJTN BOE FYQFSJNFOUBM SFTVMUT BU MFBTU JG XF TUJDL
UP UIF EFêOJUJPO PG GBDUVBMJTN UIBU *WF BEPQUFE JO UIJT QBQFS "T (MJDL 	
 QPJOUT PVU RVFTUJPOT BCPVU
DPOUFOUJF RVFTUJPOT BCPVU UIF GPSNBM PCKFDUT XF VTF UP JOEFY TUBUFT PG LOPXIPXBSF JOEFQFOEFOU
GSPN NBOZ RVFTUJPOT UZQJDBMMZ JOWFTUJHBUFE JO FNQJSJDBM XPSL 	* TIPVME QPJOU PVU UIBU XIJMF * BHSFF XJUI
UIF NBJO HJTU PG (MJDLT QBQFS TPNF PG IJT DMBJNT BCPVU DPOUFOU NJHIU UVSO PVU UP CF JO DPOëJDU XJUI NZ
QPTJUJPO *U JT DSVDJBM GPS NF UIBU TPNF NFOUBM TUBUFT CF BTDSJCFE EJĒFSFOU LJOET PG DPOUFOU JO WJSUVF PG
UIPTF NFOUBM TUBUFT IBWJOH EJĒFSFOU GVODUJPOBM SPMFT *N OPU TVSF (MJDL XPVME BHSFF XJUI UIJT


EPOU HVBSBOUFF BOBMPHJFT BU UIF MFWFM PG USVUI DPOEJUJPOT
 )PX UP (JCCBSE B 4UBOMFZ8JMMJBNTPO
 (JCCBSET NBOFVWFS
48T BSHVNFOU DPOUBJOT BO JNQPSUBOU MFTTPO "OZ BDDPVOU PG LOPXIPX TIPVME EFBM
XJUI UIF VOJGPSNJUZ JO UIF DPNQPTJUJPOBM TFNBOUJDT PG FNCFEEFE RVFTUJPOT * BN JO
GVMM BHSFFNFOU XJUI UIFN PO UIJT #VU UIFZ GBJM UP TFF UIBU UIF DPNQPTJUJPOBM NFDIBOJDT
PG LOPXIPX SFQPSUT JT OPU UJFE UP BOZ QBSUJDVMBS DIPJDF PG EFOPUBUJPO GPS FNCFEEFE
RVFTUJPOT 0O TUBOEBSE BDDPVOUT FNCFEEFE RVFTUJPOT EFOPUF TFUT PG QSPQPTJUJPOT #VU
XF DBO NPEJGZ UIJT DPNQPOFOU PG UIF BDDPVOU UIVT BTTJHOJOH UP RVFTUJPOT TFNBOUJD
WBMVFT PG B EJĒFSFOU LJOE XIJMF TUJMM VTJOH UIF CBTJD TUSVDUVSF PG ,BSUUVOFOTUZMF TF
NBOUJDT ѮJT TXJUDI JO TFNBOUJD WBMVFT QBWFT UIF XBZ UP B OPOGBDUVBMJTU BDDPVOU "
TJNJMBS TXJUDI JO TFNBOUJD WBMVFT JT FYFNQMJêFE CZ FYQSFTTJWJTUJD TFNBOUJDT IFODF UIJT
JT B HPPE QPJOU UP TUBSU EFWFMPQJOH UIF QBSBMMFM XJUI FYQSFTTJWJTN
"T * ëBHHFE JO UIF JOUSPEVDUJPO B MPU PG SFDFOU XPSL JO QIJMPTPQIZ PG MBOHVBHF IBT
GPDVTFE PO EFWFMPQJOH FYQSFTTJWJTUJD BDDPVOUT PG WBSJPVT LJOET PG EJTDPVSTF JO QBSUJD
VMBS FQJTUFNJDBMMZ NPEBMJ[FE EJTDPVSTF .Z QSPKFDU JT TJNJMBS JO TQJSJU #VU SBUIFS UIBO
TFUUJOH VQ B EJSFDU DPNQBSJTPO XJUI DPOUFNQPSBSZ FYQSFTTJWJTUJD WJFXT * UBLF BT NZ
TUBSUJOH QPJOU (JCCBSET PSJHJOBM OPSNFYQSFTTJWJTN * IBWF UXP SFBTPOT 0O UIF POF
IBOE UIJT NBLFT JU FBTJFS UP TFF UIF NBJO NPWF *N NBLJOH 0O UIF PUIFS NZ GPDVT
IFSF JT PO UIFPSFUJDBM JTTVFT JO QIJMPTPQIZ PG MBOHVBHF UIBU BMMPX NF UP SFTJTU 48T
BSHVNFOU %JTDVTTJOH SFDFOU FYQSFTTJWJTN XPVME GPSDF NF UP JOUSPEVDF GPSNBM DPNQMJ
DBUJPOT UIBU BSF OPU DFOUSBM UP NZ QSPKFDUŊ
(JCCBSET FYQSFTTJWJTN JT B LJOE PG OPODPHOJUJWJTN BCPVU OPSNBUJWF EJTDPVSTF (JC
CBSE IPMET UIBU OPSNBUJWF DMBJNT MJLF A$BOOJCBMJTN JT XSPOH PS A"CPSUJPO JT QFSNJT
TJCMF EPOU FYQSFTT CFMJFGT CVU SBUIFS DPOBUJWF BUUJUVEFT PG TPNF TPSU 'PMMPXJOH (JC
CBSE  * DBMM UIFTF BUUJUVEFT ABDDFQUBODFTŋ "DDPSEJOHMZ UIF DPOUFOUT PG OPSNBUJWF
DMBJNT BSF OPU QSPQPTJUJPOT UIFZ BSF OPU USVUIBQU BOE BSF OPU NFBOU UP EFTDSJCF B XBZ
Ŋ:BMDJO 	B
 BSHVFT UIBU FYQSFTTJWJTN JT OPU B WJFX BCPVU DPNQPTJUJPOBM TFNBOUJDT CVU JT CFUUFS DIBS
BDUFSJ[FE BT B WJFX JO UIF QSBHNBUJDT ѮJT JT B HPPE QMBDF UP NBLF JU DMFBS UIBU * FTTFOUJBMMZ BHSFF XJUI
:BMDJOT WJFXUIPVHI GPMMPXJOH .BD'BSMBOF  * XPVME QSFGFS UP VTF UIF MBCFM AQPTUTFNBOUJDT SBUIFS
UIBO AQSBHNBUJDT * EP TBZ UIBU FYQSFTTJWJTN SFRVJSFT B DIBOHF JO UIF BTTJHONFOU PG DPNQPTJUJPOBM TFNBO
UJD WBMVFT CVU UIJT JT DPNQBUJCMF XJUI :BMDJOT WJFX BT IF IJNTFMG NBLFT DMFBS ѮJT DIBOHF JT OFDFTTBSZ
CVU OPU TVēDJFOU UP HFU FYQSFTTJWJTUJD DPOUFOUT ѮJT TBJE GPS FBTF PG FYQPTJUJPO *MM PѫFO VTF UIF MBCFM
AFYQSFTTJWJTUJD TFNBOUJDT UP SFGFS UP UIF LJOE PG TFNBOUJD UIFPSJFT FOEPSTFE CZ FYQSFTTJWJTUT
ŋ(JCCBSE IBT BNFOEFE BOE VQEBUFE IJT WJFXT JO MBUFS XPSL NPTU OPUBCMZ JO (JCCBSE  ѮFTF VQEBUFT
BSF JSSFMFWBOU GPS NZ QVSQPTFT XIBU NBUUFST GPS NF JT UIF BCTUSBDU XBZ JO XIJDI FYQSFTTJWJTUJD TFNBOUJDT
JOUFSBDUT XJUI TFNBOUJDT GPS EFTDSJQUJWF EJTDPVSTF

UIF XPSME JT 3PVHIMZ OPSNBUJWF DMBJNT FYQSFTT FOEPSTFNFOU PS SFKFDUJPO PG B OPSNB
UJWF TUBOEBSE 5P DMBJN UIBU DBOOJCBMJTN JT XSPOH JT UP FYQSFTT POFT FOEPSTFNFOU PG B
OPSNBUJWF TUBOEBSE UIBU QSPIJCJUT DBOOJCBMJTN
ѮF EFDJTJPO UP BTDSJCF TQFDJBM DPOUFOUT UP OPSNBUJWF BUUJUVEFT JT ESJWFO CZ UIFJS
EJĒFSFOU FYQMBOBUPSZ SPMF JO B UIFPSZ PG UIF NJOE #FMJFGT BSF SFQSFTFOUBUJPOBM TUBUFT
UIFZ QVSQPSU UP SFQSFTFOU GBDUT "DDFQUBODFT BSF DPOBUJWF TUBUFT UIFZ EP OPU SFQSFTFOU
GBDUT CVU SBUIFS UIFZ DPOUSJCVUF UP êYJOH BO BHFOUT NPUJWBUJPOT BOE EJTQPTJUJPOT UP BDU
)FODF UIF BTDSJQUJPO PG TQFDJBM DPOUFOUT UP OPSNBUJWF BUUJUVEFT JT FOUJSFMZ EFUFSNJOFE
CZ DPODFSOT JO NFUBQIZTJDT 	UIF BCTFODF PG OPSNBUJWF GBDUT
 BOE QIJMPTPQIZ PG NJOE
	UIF NPUJWBUJPOBM SPMF PG OPSNBUJWF BUUJUVEFT

0OF PG UIF DIBMMFOHFT GPS UIF FYQSFTTJWJTU JT TIPXJOH IPX IFS WJFX DBO ZJFME B QMBV
TJCMF TFNBOUJDT GPS OPSNBUJWF MBOHVBHF #FMJFGT BOE BDDFQUBODFT BSF BTTJHOFE DPOUFOUT
PG EJĒFSFOU LJOET #VU JU XPVME CF EJTBTUSPVT JG DMBVTFT MJLF A$BOOJCBMJTN JT XSPOH BOE
A$BOOJCBMJTN JT XJEFTQSFBE JO /FX +FSTFZ XFSF BTTJHOFE EJĒFSFOU LJOET PG GVODUJPOT BT
TFNBOUJD WBMVFT 'JSTU XF XPVME IBWF UP QPTUVMBUF TZTUFNBUJD BNCJHVJUZ JO UIF FYQSFT
TJPOT UIBU JOUFSBDU DPNQPTJUJPOBMMZ XJUI CPUI DMBVTFT 'PS FYBNQMF XF TIPVME TBZ UIBU
UIF UXP PDDVSSFODFT PG CFMJFWF JO
	
 4BN CFMJFWFT UIBU DBOOJCBMJTN JT XSPOH
	
 4BN CFMJFWFT UIBU DBOOJCBMJTN JT XJEFTQSFBE JO /FX +FSTFZ
IBWF EJĒFSFOU NFBOJOHT JF EFOPUF UXP EJĒFSFOU GVODUJPOTìŅ *O 	
 CFMJFWF EFOPUFT B
GVODUJPO UBLJOH QSPQPTJUJPOT BT BSHVNFOUT JO 	
 B GVODUJPO UBLJOH OPSNBUJWF DPOUFOUT
BT BSHVNFOUT #VU FWFO UIJT XPVMEOU CF FOPVHI %FTDSJQUJWF BOE OPSNBUJWF DMBVTFT
DBO PDDVS FNCFEEFE UPHFUIFS JO B OVNCFS PG MJOHVJTUJD DPOUFYUT 'PS FYBNQMF
	
 4BN CFMJFWFT UIBU DBOOJCBMJTN JT CPUI XJEFTQSFBE JO /FX +FSTFZ BOE XSPOH
	
 *G DBOOJCBMJTN JT CPUI XJEFTQSFBE JO /FX +FSTFZ BOE XSPOH /FX +FSTFZ QFPQMF
XJMM CF QVOJTIFE
5P BDDPNNPEBUF 	
 BOE 	
 XF TIPVME êSTU EFDJEF PO BO BTTJHONFOU PG B TFNBOUJD
WBMVF PG UIF DPOKVODUJPO PG B QSPQPTJUJPO BOE B OPSNBUJWF DPOUFOU ѮFO XF TIPVME
BTTVNF B GVSUIFS NFBOJOH GPS CFMJFWF EJĒFSFOU GSPN UIF NFBOJOHT VTFE GPS 	
 BOE 	

PO XIJDI CFMJFWF UBLFT BSHVNFOUT PG UIJT LJOE &WFO GSPN UIFTF RVJDL SFNBSLT JU TIPVME
CF DMFBS UIBU VTJOH EJĒFSFOU TFNBOUJD WBMVFT GPS EFTDSJQUJWF BOE OPSNBUJWF DMBVTFT MFBET
UP BO JOUPMFSBCMF NVMUJQMJDBUJPO PG BNCJHVJUJFT
ѮJT JT UIF QSPCMFN DPNNPOMZ SFGFSSFE UP JO UIF MJUFSBUVSF BT A'SFHF(FBDI QSPC
ìŅ)FSF *N BTTVNJOH UIBU UIF FYQSFTTJWJTU XJMM DMBJN UIBU OBUVSBM MBOHVBHF CFMJFWF DBO CF VTFE GPS BTDSJQUJPOT
PG CPUI CFMJFGT JO UIF TUSJDUFS TFOTF BOE (JCCBSET BDDFQUBODFT ѮJT NPWF JT PCWJPVTMZ SFRVJSFE UP QSFWFOU
FYQSFTTJWJTN GSPN JNNFEJBUFMZ UVSOJOH JOUP BO FSSPS UIFPSZ

MFNìì (JCCBSET PXO BOTXFS UP UIF DIBMMFOHF JT TJNQMF )F BEPQUT B HFOFSBM OPUJPO PG
TFNBOUJD WBMVF UIBU BQQMJFT CPUI UP EFTDSJQUJWF BOE OPSNBUJWF DMBVTFT )F BTTVNFT BT
IJT CFODINBSL UIFPSZ QPTTJCMF XPSMET TFNBOUJDT XIFSF BMM DMBVTFT EFOPUF TFUT PG QPTTJ
CMF XPSMET 	PS FRVJWBMFOUMZ GVODUJPOT GSPN QPTTJCMF XPSMET UP USVUIWBMVFT
 ѮF NPWF
JT TJNQMZ UP HFOFSBMJ[F UIJT OPUJPO PG TFNBOUJD WBMVF 0O UIF OFX WJFX BMM DMBVTFT EF
OPUF TFUT PG QBJST PG B XPSME BOE B TZTUFN PG OPSNT UP B USVUIWBMVF 4ZTUFNT PG OPSNT
	GPS TIPSU OPSNT
 BSF GVMMZ TQFDJêFE OPSNBUJWF TUBOEBSET UIFZ EFUFSNJOF GPS FWFSZ
QPTTJCMF BDU XIFUIFS JU JT GPSCJEEFO QFSNJUUFE PS NBOEBUFE *O TIPSU OPSNT BSF B
OPSNBUJWF BOBMPH BU UIF GPSNBM MFWFM PG QPTTJCMF XPSMET "T B SFTVMU PG UIJT NPWF EF
TDSJQUJWF BOE OPSNBUJWF DMBVTFT BSF BTTJHOFE TFNBOUJD WBMVFT PG UIF TBNF LJOE JF TFUT
PG XPSMEOPSN QBJST
\⟨X,O⟩] DBOOJCBMJTN JT XJEFTQSFBE JO /FX +FSTFZ JO ⟨X,O⟩^
\⟨X,O⟩] DBOOJCBMJTN JT JNQFSNJTTJCMF JO ⟨X,O⟩^
ѮF DPODFQUVBM JOTJHIU CFIJOE (JCCBSET NPWF JT UIBU NFUBQIZTJDBM DBUFHPSJFT NBZ CF
EJWPSDFE GSPN UIF DBUFHPSJFT XF VTF JO B DPNQPTJUJPOBM TFNBOUJDT 'SPN BNFUBQIZTJDBM
TUBOEQPJOU UIFSF BSF HPPE SFBTPOT UP ESBX B TIBSQ EJWJEF CFUXFFO GBDUVBM BOE OPSNB
UJWF JOGPSNBUJPO #VU UIJT EJTUJODUJPO OFFET OPU CF FODPEFE JO UIF TFNBOUJDT PG OBUVSBM
MBOHVBHF
 3FKFDUJOH VOJGPSNJUZ
*UT FBTZ UP TFF IPX(JCCBSET NBOFVWFS DBO CF CSPVHIU UP CFBS PO 48T BSHVNFOU &Y
QSFTTJWJTU TFNBOUJDT UFBDIFT VT UIBU VOJGPSNJUZ PG TFNBOUJD WBMVFT JO BUUJUVEF BTDSJQUJPOT
EPFTOU FOUBJM VOJGPSNJUZ JO UIF LJOE PG BUUJUVEF DPOUFOUT BTDSJCFE ѮBU JT JO TFOUFODFT
MJLF
	
 4BN CFMJFWFT UIBU DBOOJCBMJTN JT DPNNPO JO /FX +FSTFZ
	
 4BN CFMJFWFT UIBU DBOOJCBMJTN JT XSPOH
ìì0S BU MFBTU B QBSU PG UIF 'SFHF(FBDI QSPCMFN ѮF MJUFSBUVSF PO UIF UPQJD JT WBTU BOE DPNQMFY BOE PѫFO
UIFSF JT EJTBHSFFNFOU BCPVU XIBU UIF QSPCMFN JUTFMG JT 'PS BO PWFSWJFX TFF 4DISPFEFS  BT XFMM BT
4DISPFEFST EJTDVTTJPOT JO IJT B BOE C BNPOH NBOZ PUIFST * TIPVME OPUF UIBU JU JT DPOUSPWFSTJBM
UIBU (JCCBSE TFNBOUJDT PĒFST B GVMM TPMVUJPO UP UIF 'SFHF(FBDI QSPCMFN 4DISPFEFS IJNTFMG JO QBSUJDVMBS
IBT BSHVFE BHBJOTU UIJT DMBJN * BN JODMJOFE UP UIJOL UIBU JU EPFT BOE UIBU 4DISPFEFST PCKFDUJPOT DBO CF
PWFSDPNF CSPBEMZ GPS UIF SFBTPOT QPJOUFE PVU JO 1ÊSF[ $BSCBMMP  *G ZPVSF MFTT PQUJNJTUJD QMFBTF
SFBE NZ NBJO DMBJN BT TBZJOH UIBU UIF QSPTQFDUT PG BOTXFSJOH UIF 48 DIBMMFOHF UP OPOGBDUVBMJTN BSF
DPOOFDUFE UP UIF QSPTQFDUT PG TPMWJOH UIF 'SFHF(FBDI QSPCMFN GPS(JCCBSETUZMF FYQSFTTJWJTN ѮJT DMBJN
BOE UIF DMBJN UIBU UIFSF JT B EFFQ QBSBMMFM CFUXFFO UIF UXP EFCBUFT BSF TVCTUBOUJBM BOE EFTFSWF BUUFOUJPO
FWFO JG ZPV UBLF UIF 'SFHF(FBDI QSPCMFN UP CF BO VOTPMWFE DIBMMFOHF GPS (JCCBSE

UIF UIBUDMBVTFT IBWF UIF TBNF LJOE PG TFNBOUJD WBMVF /FWFSUIFMFTT UIFJS USVUI DPOEJ
UJPOT JOWPMWF BTDSJQUJPOT PG BUUJUVEFT PG EJĒFSFOU LJOE XIJDI QMBZ B EJĒFSFOU FYQMBOBUPSZ
SPMF JO QIJMPTPQIZ PG NJOE 4JNJMBSMZ POF DBO HSBOU GPMMPXJOH TUBOEBSE TFNBOUJDT GPS
RVFTUJPOT UIBU UIF DPNQMFNFOU DMBVTFT JO
	
 4BN LOPXT IPX UP DPPL SJTPUUP
	
 4BN LOPXT XIP DPPLFE UIF SJTPUUP IF BUF
IBWF TFNBOUJD WBMVFT PG UIF TBNF LJOE :FU UIFSF JT TUJMM SPPN GPS EFOZJOH UIBU UIFZ CPUI
TUBUF B SFMBUJPOTIJQ CFUXFFO B TVCKFDU BOE B TFU PG QSPQPTJUJPOT "T UIF BOBMPHZ XJUI 	

BOE 	
 TIPXT UIF UZQF PG UIF TFNBOUJD WBMVFT JO QMBZ JO BUUJUVEF SFQPSUT OFFE OPU CF
B HVJEF UP UIF DPOUFOUT PG UIF BUUJUVEFT BTDSJCFE
*G UIJT JT DPSSFDU 48T BSHVNFOU GBJMT 3FDBMM QSFNJTF 	1

	1
 5SVUIDPOEJUJPOBM VOJGPSNJUZ *G BMM LOPXMFEHFXI SFQPSUT IBWF B VOJGPSN TZO
UBY BOE TFNBOUJDT BOE JG PUIFS LOPXMFEHFXI SFQPSUT BSF BTDSJQUJPOT PG QSPQP
TJUJPOBM LOPXMFEHF UIFO BMTP LOPXIPX SFQPSUT NVTU CF BTDSJQUJPOT PG QSPQP
TJUJPOBM LOPXMFEHF
ѮSPVHIPVU UIJT TFDUJPO * IBWF CFFO BSHVJOH UIBU UIF DPOEJUJPOBM JO 	1
 GBJMT "OBMP
HJFT BU UIF DPNQPTJUJPOBM MFWFM JO BUUJUVEF SFQPSUT EP OPU HVBSBOUFF BOBMPHJFT BU UIF MFWFM
PG USVUI DPOEJUJPOT &WFO JG XF IBWF B QFSGFDU DPNQPTJUJPOBM BOBMPHZ XF NVTU TUJMM MPPL
GPS WBMJEBUJPO JO B HFOFSBM UIFPSZ PG BUUJUVEFT 4P 	1
 JT GBMTF BOE 48T BSHVNFOU JT
VOTPVOE
-FU NF EJTQBUDI B MJOF PG SFQMZ 0OF NJHIU QSPUFTU UIBU NZ SFDPOTUSVDUJPO PG UIF
BSHVNFOU JT OPU GBJUIGVM UP 48T JOUFOUJPOT 48EPOU TUBSU NFSFMZ GSPN BTTVNQUJPOT
BCPVU UIF TFNBOUJDT PG RVFTUJPOT 	MJLF NZ QSFNJTFT 	1
	1

 3BUIFS UIFZ BTTVNF UIF
XIPMF TFUVQ PG FYJTUJOH TFNBOUJD UIFPSJFT UIJT JOWPMWFT BTTVNJOH UIBU UIF CBTJD TFNBOUJD
WBMVFT PG BMM DMBVTFT BSF QSPQPTJUJPOT 0O UIFTF BTTVNQUJPOT UIF PCKFDUJPO HPFT UIFJS
DPODMVTJPO EPFT JOEFFE GPMMPX
* BHSFF UIBU 48NBLF UIJT TUSPOHFS BTTVNQUJPO JO UIFJS QBQFS * EJTQVUF UIBU UIFZSF
FOUJUMFE UP JU *O B XBZ XIBU *N QPJOUJOH PVU JT QSFDJTFMZ UIBU UIFZ NPWF JMMJDJUMZ GSPN
UIF XFBLFS UP UIF TUSPOHFS BTTVNQUJPO &YJTUJOH TFNBOUJD UIFPSJFT XFSF OPU EFTJHOFE
UP BOTXFS DPODFSOT BCPVU LOPXIPX "TTVNJOH UIBU XF DBO SFBE BOTXFST UP RVFTUJPOT
JO QIJMPTPQIZ PG NJOE TUSBJHIU PĒ UIFTF UIFPSJFT BT UIFZ IBQQFO UP CF DVSSFOUMZ TFU VQ
XPVME CF VOKVTUJêFE
 (JCCBSET NBOFVWFS GPSNBMJ[FE
#FGPSF NPWJOH UP NZ QPTJUJWF BDDPVOU JUT IFMQGVM UP TIPX IPX (JCCBSET NBOFVWFS JT
JNQMFNFOUFE JO B UPZ GPSNBM TFNBOUJDT ѮJT XJMM BMMPXNF UP EJTDVTT BOE EJTDBSE BO JN

QPSUBOU PCKFDUJPOìí ѮF EJTDVTTJPO JT BDDFTTJCMF UP SFBEFST XJUI OP GPSNBM CBDLHSPVOE
BOE UIPTF VOJOUFSFTUFE JO UFDIOJDBM JTTVFT NBZ TLJQ BIFBE
ѮF CBTJD UBTL PG B GPSNBM TFNBOUJDT JT NBQQJOH FBDI FYQSFTTJPO JO B MBOHVBHF UP
UIFJS EFOPUBUJPOT VTVBMMZ DBMMFE FYUFOTJPOT WJB BO JOUFSQSFUBUJPO GVODUJPO VTVBMMZ SFQSF
TFOUFE WJB UIF EPVCMF CSBDLFUT AJ⋅K &YUFOTJPOT BSF DPBSTFHSBJOFE NFBOJOHT UIF FYUFO
TJPOT PG SFGFSFOUJBM UFSNT BSF VTVBMMZ UBLFO UP CF JOEJWJEVBMT BOE UIF FYUFOTJPOT PG GVMM
DMBVTFT BSF USVUI WBMVFT 'PS JMMVTUSBUJPO UIF GPMMPXJOH TBZ UIBU UIF FYUFOTJPO PG A4BN JT
UIF JOEJWJEVBM 4BN BOE UIF FYUFOTJPO PG A4BN JT IVOHSZ JT UIF USVUI WBMVF USVF
J4BNK  4BN
J4BN JT IVOHSZK  USVF
6TVBMMZ UIF JOUFSQSFUBUJPO GVODUJPO BTTJHOT FYUFOTJPOT UP FYQSFTTJPOT OPU BCTPMVUFMZ
CVU SBUIFS SFMBUJWF UP B TFSJFT PG QBSBNFUFST 'PS FYBNQMF JO NBOZ TFNBOUJD GSBNF
XPSLT XIBU FYUFOTJPOT BSF BTTJHOFE UP FYQSFTTJPOT PG UIF MBOHVBHF EFQFOET PO B XPSME
PG FWBMVBUJPOìî ѮJT SFMBUJWJ[BUJPO JT SFQSFTFOUFE WJB B AX TVQFSTDSJQU PO UIF SJHIUIBOE
CSBDLFU ѮF GPMMPXJOH NFBOT UIBU UIF EFOPUBUJPO PG UIF QSFEJDBUF AJT IVOHSZ SFMBUJWF
UP B XPSME PG FWBMVBUJPO X JT UIF GVODUJPO NBQQJOH BO JOEJWJEVBM UP USVUI KVTU JO DBTF
UIBU JOEJWJEVBM JT IVOHSZ JO X
	
 JJT IVOHSZKX  λY Y JT IVOHSZ JO X
	ѮF MBNCEBOPUBUJPO JT KVTU B DPNQBDU XBZ UP SFQSFTFOU GVODUJPOTìņ
 ѮF QBSBNFUFST
UP XIJDI JOUFSQSFUBUJPO JT SFMBUJWJ[FE JO UIJT XBZ BSF VTVBMMZ DPMMFDUFE JO BO OUVQMFUIF
JOEFY PG FWBMVBUJPO
*OEFY QBSBNFUFST IBWF B EPVCMF SPMF JO TFNBOUJD UIFPSJFTìŇ 'JSTU UIFZ BSF VTFE UP
TQFDJGZ NFBOJOHT UIBU BSF NPSF êOFHSBJOFE UIBO FYUFOTJPOT ѮFTF BSF UIF NFBOJOHT
UIBU UISPVHIPVU UIJT QBQFS * DBMM ATFNBOUJD WBMVFTìň ѮF TFNBOUJD WBMVF PG BO FYQSFT
TJPO JT B GVODUJPO GSPN JOEFY QBSBNFUFST UP JUT FYUFOTJPO 6TJOH UIF TUSBJHIU CSBDLFUT
A∥ ⋅ ∥ UP SFQSFTFOU B GVODUJPO GSPN FYQSFTTJPOT UP UIFJS TFNBOUJD WBMVF XF IBWF
	
 ∥α∥  λJ. JαKJ
ìíѮBOLT UP BO BOPOZNPVT SFGFSFF GPS SBJTJOH UIJT PCKFDUJPO NPSF UIBO PODF BOE DPNQFMMJOH NF UP UBLF JU
TFSJPVTMZ
ìîѮPVHI UIJT JT CZ OP NFBOT UIF TUBOEBSE USFBUNFOU PG NPEBM QBSBNFUFST JO DPOUFNQPSBSZ GSBNFXPSLT
4FF 1FSDVT  GPS B EFWFMPQFE TZTUFN XIJDI SFMPDBUFT SFGFSFODF UP XPSMET JO UIF PCKFDU MBOHVBHF
ìņ)FSF *N BTTVNJOH UIF EFêOJUJPO QSPWJEFE CZ )FJN  ,SBU[FS  TFDUJPO 
ìŇ'PS BO JO EFQUIEJTDVTTJPO PG UIF QPJOUT * TVNNBSJ[F JO UIFTF QBSBHSBQIT TFF -FXJT 
ìň4FNBOUJD WBMVFT BSF XIBU JT DBMMFE AJOUFOTJPO JO TPNF DMBTTJDBM MJUFSBUVSF /PUJDF UIBU BT -FXJT  QPJOUFE
PVU UIFSF BSF NBOZ QMBVTJCMF GVODUJPOT XF NJHIU JEFOUJGZ BT TFNBOUJD WBMVFT 'VODUJPOT GSPN JOEJDFT UP
EFOPUBUJPOT NFSFMZ IBQQFOT UP CF B QPQVMBS DIPJDF

8IZ EFêOF TFNBOUJD WBMVFT JG XF BMSFBEZ IBWF FYUFOTJPOT 4FNBOUJD WBMVFT BSF DSVDJBM
JG DPNQPTJUJPOBM TFNBOUJDT IBT UP QSPWJEF BO JOQVU UP B UIFPSZ PG TQFFDI BDUT &YUFOTJPOT
BSF UPP DPBSTFHSBJOFE UPXPSL BT UIF PCKFDUT UIBU BSF BTTFSUFE QSFTVQQPTFE PS CFMJFWFE
ѮF FYUFOTJPO PG B TFOUFODF JT NFSFMZ JUT USVUI WBMVF )FODF JG FYUFOTJPOT XFSF XIBU JT
BTTFSUFE CZ VUUFSJOH B TFOUFODF UIFSF XPVME CF POMZ UXP UIJOHT XF DBO FWFS BTTFSU
UIF USVF BOE UIF GBMTF #Z DPOUSBTU TFNBOUJD WBMVFT BSF PS BMMPX VT UP SFDPWFSìŉ NPSF
TVJUBCMF PCKFDUTGPS FYBNQMF QPTTJCMF XPSMET QSPQPTJUJPOT
ѮF TFDPOE SPMF GPS JOEFY QBSBNFUFST DPOOFDUT UP UIF MFYJDBM TFNBOUJDT PG DFSUBJO
MJOHVJTUJD JUFNT GPS FYBNQMF NPEBM BVYJMJBSJFT MJLFNJHIU ѮFTF JUFNT BSF VTVBMMZNPE
FMFE BT ATIJѫFST JF BT JUFNT UIBU DIBOHF UIF WBMVF PG BO JOEFY QBSBNFUFS 'PS FYBNQMF
NJHIU XPSLT CZ TIJѫJOH UIF XPSME PG FWBMVBUJPO PG UIF FNCFEEFE DMBVTF UP B EJĒFSFOU
XPSMEìŊ
	
 J*U NJHIU CF UIBU 4BN JT IVOHSZKX  USVF JĒ UIFSF JT BO FQJTUFNJDBMMZ QPTTJCMF
XPSME X′ TVDI UIBU J4BN JT IVOHSZKX′  USVF
ѮF UXP SPMFT PG JOEJDFT JO TFNBOUJD UIFPSJFT BSF FBTZ UP DPOëBUF CVU 	BTXFMM TFF TIPSUMZ

JUT JNQPSUBOU UP LFFQ UIFN EJTUJODUìŋ
/PX JO UIF UFSNT PG PVS UPZ GSBNFXPSL UIF FYQSFTTJWJTUT NBOFVWFS DPOTJTUT TJNQMZ
JO BEEJOH BO FYUSB QBSBNFUFS UP UIF JOEFY PG FWBMVBUJPO 'PS UIF DBTF PG OPSNBUJWF EJT
DPVSTF GPMMPXJOH (JCCBSE UIJT JT B OPSN QBSBNFUFS )FODF FBDI FYQSFTTJPO JT BTTJHOFE
B EFOPUBUJPO SFMBUJWF UP B QBJS PG B XPSME BOE B OPSN "DDPSEJOHMZ TFNBOUJD WBMVFT UVSO
PVU UP CF TJNQMZ GVODUJPOT GSPN B XPSME BOE B OPSN UP B USVUI WBMVF
	
 ∥$BOOJCBMJTN JT XSPOH∥ 
λ⟨X,O⟩. J$BOOJCBMJTN JT XSPOHKX,O 
λ⟨X,O⟩. $BOOJCBMJTN JT XSPOH BU X BOE O
%JĒFSFOU DMBVTFT XJMM EJTQMBZ EJĒFSFOU TFOTJUJWJUZ UP UIF XPSME BOE OPSN QBSBNFUFS
ѮF TFNBOUJD WBMVFT PG OPSNBUJWF DMBVTFT BSF XPSMEJOTFOTJUJWF UIF XPSME FMFNFOU JO
UIF QBJS EPFTOU BĒFDU XIFUIFS UIFJS TFNBOUJD WBMVF NBQT XPSMEOPSN QBJST UP USVUI PS
ìŉ4FF GPPUOPUF  GPS SFGFSFODFT BCPVU UIF SFMBUJPOTIJQ CFUXFFO TFNBOUJD WBMVFT BOE DPOUFOUT
ìŊѮJT JT PCWJPVTMZ B UPZ TFNBOUJDT GPS NPEBMT 'PS BO JOUSPEVDUJPO UP B EFWFMPQFE GPSNBM TFNBOUJDT GPS
NPEBM PQFSBUPST TFF WPO 'JOUFM )FJN  BT XFMM BT UIF DMBTTJDBM QBQFST JO ,SBU[FS  +VTU FQJTUFNJD
NPEBMT BT * SFNBSLFE JO UIF JOUSPEVDUJPO IBWF CFDPNF POF PG UIF NBJO CBUUMFêFMET GPS FYQSFTTJWJTN 'PS
SFMFWBOU SFGFSFODFT TFF TFDUJPO 
ìŋ "SHVBCMZ UIF TFUVQ PG TUBOEBSE UIFPSJFT JT KVTU CBTFE PO UIJT DPOëBUJPO *O %FNPOTUSBUJWFT 	B
 ,B
QMBO FYQMJDJUMZ JEFOUJêFT UIF TPDBMMFE DJSDVNTUBODFT PG FWBMVBUJPO 	JF UIF QBSBNFUFST XF VTF UP EFêOF
JOUFOTJPOT
 XJUI UIF LJOE PG QBSBNFUFST UIBU BSF TIJѫFE CZ PQFSBUPST JO OBUVSBM MBOHVBHF .VDI MJUFSBUVSF
IBT TIPXO UIBU UIJT JEFOUJêDBUJPO JT B DPODFQUVBM DPOGVTJPO BOE TIPVME CF SFTJTUFE 'PS FBSMZ TUBUFNFOUT
PG UIF QPJOU TFF %VNNFUU  BOE FTQFDJBMMZ -FXJT  'PS NPSF NPEFSO EFGFOTFT PG UIF EJTUJODUJPO
TFF BNPOH NBOZ /JOBO  BOE 3BCFSO 

GBMTJUZ $POWFSTFMZ UIF TFNBOUJD WBMVFT PG GBDUVBM DMBVTFT BSF OPSNJOTFOTJUJWF
/PX * DBONPWF UP DPOTJEFS UIF PCKFDUJPO * TUBUF JU BT JU BQQMJFT UP (JCCBSET PSJHJOBM
WJFX CVU FWFSZUIJOH UIBU * TBZ IPMETNVUBUJT NVUBOEJT GPSNZ TFNBOUJDT GPS LOPXIPX
ѮF CBTJD XPSSZ JT UIBU FYQSFTTJWJTUJD TFNBOUJDT JOUSPEVDFT FYUSB DPNQMFYJUZ XJUIPVU BQ
QSPQSJBUF KVTUJêDBUJPO ѮFSF BSF OP DPNQPTJUJPOBM SFBTPOT UP BEE B OPSN QBSBNFUFS
UP UIF JOEFY #VU TFNBOUJDT GPS OBUVSBM MBOHVBHF TIPVME CF FYDMVTJWFMZ ESJWFO CZ FN
QJSJDBM DPODFSOT BCPVU UIF DPNQPTJUJPOBM BTTJHONFOUT PG NFBOJOHT )FODF (JCCBSET
TFNBOUJDT UIF BSHVNFOU HPFT JT HFSSZNBOEFSFE BOE VOKVTUJêFEMZ DPNQMFY
ѮF PCKFDUJPO BSJTFT GSPN B DPOëBUJPO PG UIF UXP SPMFT BTTJHOFE UP JOEFY QBSBNF
UFST 0OF SFBTPO UP JOUSPEVDF B QBSBNFUFS JO UIF JOEFY JT UIBU XF OFFE JU UP NPEFM UIF
TFNBOUJDT PG DFSUBJO MFYJDBM JUFNT 'PS FYBNQMF POF SFBTPO UP JOUSPEVDF B XPSME QBSBN
FUFS JO UIF JOEFY JT UIBU XF OFFE JU GPS B DPNQPTJUJPOBM TFNBOUJDT GPS NPEBM BVYJMJBSJFT
4JNJMBSMZ TPNF QIJMPTPQIFST IBWF BEWPDBUFE B USFBUNFOU PG UFOTFT UIBU FYQMPJUT B UJNF
QBSBNFUFS JO UIF JOEFYíŅ *G UIFJS FNQJSJDBM DMBJNT XFSF SJHIU XF XPVME IBWF B SFBTPO
UP IBWF B UJNF QBSBNFUFS BMPOHTJEF B XPSME QBSBNFUFS
$SVDJBMMZ UIPVHI UIJT JT OPU UIF POMZ SFBTPO UP BEE B QBSBNFUFS UP UIF JOEFY "T
* FNQIBTJ[FE JOEFY QBSBNFUFST IBWF BOPUIFS SPMF JF BMMPXJOH UIF UIFPSJTU UP EFêOF
B TVJUBCMZ êOFHSBJOFE OPUJPO PG TFNBOUJD WBMVF 8IBU TFNBOUJD WBMVFT XF OFFE JT OPU
EFUFSNJOFE POMZ CZ DPNQPTJUJPOBM JOUFSBDUJPOT 3BUIFS JU JT EFUFSNJOFE CZ UIF LJOE PG
PCKFDU XF XBOU UP GFFE JOUP B UIFPSZ PG TQFFDI BDUT
5P JMMVTUSBUF UIF QPJOU * CPSSPX BO FYBNQMF GSPN B SFDFOU EFGFOTF PG UIF WFSZ TBNF
QPJOU CZ +PIO .BD'BSMBOF 	 TFDUJPO 
 4VQQPTF UIBU ZPVSF HJWJOH B TFNBOUJDT
GPS B QSJNJUJWF MBOHVBHF UIBU DPOUBJOT TPNF CBTJD WPDBCVMBSZ CVU OP NPEBM PQFSBUPST
.BD'BSMBOF BTLT
8PVME XF UBLF UIFTF TQFBLFST MBDL PG NPEBM WPDBCVMBSZ UP EFCBS UIFN GSPN FY
QSFTTJOH UIF TBNF LJOET PG QSPQPTJUJPOT XF FYQSFTTGPS FYBNQMF UIF QSPQPTJUJPO
UIBU TOPX JT XIJUF "OE XPVME XF TBZ UIBU BѫFS UIFZ IBWF BDRVJSFE NPEBM WP
DBCVMBSZ UIF DPOUFOUT PG BMM PG UIFJS CFMJFGT DIBOHF BOE DPNF UP CF USVF PS GBMTF
SFMBUJWF UP XPSMET XIFO UIFZ XFSF OPU CFGPSF 'SPN UIF QFSTQFDUJWF PG B QIJMPTP
QIFS PG NJOE PS UIFPSJTU PG TQFFDI BDUT UIF JEFB TIPVME TFFN CJ[BSSF
5P TUSFOHUIFO .BD'BSMBOFT QPJOU BO BOUISPQPMPHJTU XIP MFBSOFE UIF QSJNJUJWF MBO
HVBHF BOE BDUFE BT B USBOTMBUPS CFUXFFO OBUJWF BOE &OHMJTI TQFBLFST XPVME QSFTVN
BCMZ CF QSFTFSWJOH NFBOJOH BU MFBTU UP B WFSZ SPVHI FYUFOU #VU JG PVS TFNBOUJDT GPS UIF
QSJNJUJWF MBOHVBHF DBOU IFMQ JUTFMG UP BO JOEFY QBSBNFUFS OP &OHMJTI TFOUFODF DBO CF
USBOTMBUFE OPU FWFO BQQSPYJNBUFMZ JOUP UIF QSJNJUJWF MBOHVBHF
íŅѮF RVFTUJPO XIFUIFS JOUFSQSFUBUJPO TIPVME CF SFMBUJWJ[FE UP UJNFT IBT CFFO UIF TVCKFDU PG B MPOH EFCBUF
ѮF QPTJUJPO UIBU XF TIPVME IBWF B UJNF QBSBNFUFS XBT JOJUJBMMZ BEPQUFE CZ ,BQMBO 	B C
 GPS
DSJUJDJTN PG UIBU QPTJUJPO TFF BNPOH NBOZ ,JOH  ,VTVNPUP 

ѮFSFBTPOXIZXFXBOU UP SFMBUJWJ[F JOUFSQSFUBUJPO UPXPSMET JO.BD'BSMBOFT FYBN
QMF JT UIBU PVS CFTU UIFPSZ PG BTTFSUJPO VTFT DPOUFOUT UIBU EJTUJOHVJTI CFUXFFO XBZT UIF
XPSME NJHIU CF ѮJT DPOTUSBJOU JT OPU NPUJWBUFE DPNQPTJUJPOBMMZ CVU JU JT TUJMM ESJWFO
CZ FNQJSJDBM DPOTJEFSBUJPOT 8F XBOU UP HJWF UIF CFTU JOUFSQSFUBUJPO PG VUUFSBODFT JO
UIF QSJNJUJWF MBOHVBHF BOE UIJT SFRVJSFT VTJOH DPOUFOUT UIBU DVU BDSPTT NPEBM TQBDF
(JCCBSET BSHVNFOU GPS NPSF êOFHSBJOFE DPOUFOUT JT BOBMPHPVT 'PS UIF FYQSFTTJWJTU
UIFSF BSF OP OPSNBUJWF GBDUT :FU XF XBOU UP BDDPVOU GPS UIF GBDU UIBU OPSNBUJWF VUUFS
BODFT QMBZ BO JNQPSUBOU SPMF JO PVS DPHOJUJWF FDPOPNZ ѮF TPMVUJPO JT UP BTTVNF UIBU
OPSNBUJWF VUUFSBODFT NBLF EJTUJODUJPOT OPU CFUXFFO XBZT UIF XPSME NJHIU CF CVU CF
UXFFO OPSNBUJWF QPTTJCJMJUJFT 5P EFSJWF UIFTF DPOUFOUT GSPN UIF TFNBOUJDT XF BTTVNF
UIBU JOUFSQSFUBUJPO PG TFOUFODFT JT SFMBUJWJ[FE UP OPSNT CFTJEFT XPSMET BOE UIBU IFODF
TFNBOUJD WBMVFT BSF NPSF êOFHSBJOFE UIBO PO UIF TUBOEBSE QJDUVSF
)FODF UIFSF JT B TUSBJHIUGPSXBSE BSHVNFOU GPS JOUSPEVDJOH OPSNT JO UIF JOEFY UIBU
JT JOEFQFOEFOU PG DPNQPTJUJPOBM DPOTJEFSBUJPOT #FGPSF NPWJOH PO MFU NF ëBH UIBU *
EPOU UIJOL UIBU UIJT JT UIF POMZ BSHVNFOU XF XJMM êOE 1SFTVNBCMZ B GVMMZ EFWFMPQFE
FYQSFTTJWJTUJD TFNBOUJDT GPS OPSNBUJWF MBOHVBHF XJMM BMTP BTTJHO B DPNQPTJUJPOBM SPMF UP
UIF OPSN QBSBNFUFSGPS FYBNQMF UP IBOEMF UIF TFNBOUJDT PG EFPOUJD NPEBMTíì 4JNJ
MBSMZ PO UIF EFWFMPQFE WFSTJPO PG NZ TFNBOUJDT GPS LOPXIPX 	JO UIF BQQFOEJY
 TPNF
FMFNFOUT PG JOêOJUJWBM RVFTUJPOT TFMFDUJWFMZ NBOJQVMBUF BO FYUSB QBSBNFUFS #VU JUT JN
QPSUBOU UP FNQIBTJ[F UIBU 	JG UIF FYQSFTTJWJTU JT SJHIU JO IFS DMBJNT BCPVU UIF OBUVSF PG
OPSNBUJWF BUUJUVEFT
 XF BMSFBEZ IBWF EFDJTJWF SFBTPO UP TFU VQ UIF TFNBOUJDT EJĒFSFOUMZ
 ,OPXIPX BT B EJSFDUJWF BUUJUVEF
-FU NF UBLF TUPDL 48 QPJOU PVU BO JNQPSUBOU GBDU UIF DPNQPTJUJPOBM TFNBOUJDT PG
LOPXIPX SFQPSUT JT GVMMZ QBSBMMFM UP UIF TFNBOUJDT PG PUIFS LOPXMFEHFXI BTDSJQUJPOT
ѮJT NVTU CF BDDPVOUFE GPS CZ BOZ QMBVTJCMF UIFPSZ PG LOPXIPX #VU UIJT EPFTOU FOUBJM
UIF USVUI PG GBDUVBMJTN "T FYQSFTTJWJTU TFNBOUJDT TIPXT XF NJHIU BDLOPXMFEHF UIF
VOJGPSNJUZ JO UIF DPNQPTJUJPOBM TFNBOUJDT XIJMF EFOZJOH UIF VOJGPSNJUZ PG DPOUFOUT
BTDSJCFE CZ LOPXMFEHFXI SFQPSUT
&WFO UIPVHI UIFJS BSHVNFOU JT VOTPVOE JU NJHIU TUJMM CF UIBU UIF DPODMVTJPO JT DPS
SFDU .PSFPWFS UIF CVSEFO PG QSPPG TFFNT UP CF PO UIF OPOGBDUVBMJTU 48 FYQMPJU UIF
TUBOEBSE TFUVQ PG TFNBOUJDT GPS FNCFEEFE RVFTUJPOT *U JT VQ UP UIF OPOGBDUVBMJTU UP
QSPQPTF B OFX OPUJPO PG TFNBOUJD WBMVF UIBU DBO CPUI êU JOUP UIF TUBOEBSE DPNQPTJ
UJPOBM NBDIJOFSZ 	TP UIBU UIF VOJGPSNJUZ QSFNJTF JOWPLFE CZ 48 JT WJOEJDBUFE
 BOE
BMMPX VT UP USFBU LOPXIPX EJĒFSFOUMZ GSPN QSPQPTJUJPOBM LOPXMFEHF 'SPN OPX PO *
UBLF VQ UIF UBTL PG EFWFMPQJOH B LJOE PG OPOGBDUVBMJTN UIBUNFBTVSFT VQ UP UIJT EFNBOE
íì4FF :BMDJO B GPS BO BUUFNQU JO UIJT EJSFDUJPO

5XP RVBMJêDBUJPOT BSF JO PSEFS ѮF êSTU JT UIBU * XPOU CF PĒFSJOH B HFOFSBM EFGFOTF
PG OPOGBDUVBMJTN 0G DPVSTF JG NZ BDDPVOU JT WJBCMF JU TIPXT UIBU OPOGBDUVBMJTUT BSF
BCMF UP WJOEJDBUF PVS UIPVHIU BOE UBML BCPVU LOPXIPX ѮJT DBO CF TFFO BT BO JOEJ
SFDU BSHVNFOU GPS OPOGBDUVBMJTN #VU B QSPQFS EFGFOTF PG OPOGBDUVBMJTN JT CFTU MFѫ UP
BOPUIFS PDDBTJPO
4FDPOE * XPOU CF HJWJOH B QIJMPTPQIJDBM BOBMZTJT PG LOPXIPX .Z NBJO QVSQPTF
JT PVUMJOJOH B DSFEJCMF BMUFSOBUJWF UP GBDUVBMJTN BOE FYQMBJOJOH IPX B WJFX PG UIJT TPSU
TIPVME NPEFM UIF DPOUFOU PG LOPXIPX ѮJT EPFTOU BNPVOU UP HJWJOH BO BOBMZTJT
*O GBDU UIF UIFPSZ FYQMPJUT B QSJNJUJWF OPUJPO UIBU PG GPMMPXJOH BO JOTUSVDUJPO XIJDI
TFFNT OP NPSF JOUVJUJWF UIBO UIF OPUJPO PG LOPXIPX JUTFMG
 " EJSFDUJWF TUBUF
)FSF JT UIF CBTJD TVHHFTUJPO ,OPXJOH IPX UP φ DPOTJTUT JO CFJOH JO B NFOUBM TUBUF UIBU
SFMJBCMZ HVJEFT POF UP TVDDFTTGVM DPNQMFUJPO PG B UBTL ѮF DPOUFOU PG UIJT NFOUBM TUBUF
JT EJSFDUJWF JU DBO CF NPEFMFE BT BO JOTUSVDUJPO PS B TFU PG JOTUSVDUJPOT GPS DPNQMFUJPO
PG UIF UBTL 'PS FYBNQMF 4BNT LOPXJOH IPX UP DPPL SJTPUUP DPOTJTUT JO 4BNT CFJOH JO
B NFOUBM TUBUF UIBU SFMJBCMZ HVJEFT IJN XIJMF IFT DPPLJOH SJTPUUP ѮF DPOUFOU PG UIJT
NFOUBM TUBUF JT B TFU PG JOTUSVDUJPOT EFUBJMJOH UIF PQFSBUJPOT UIBU 4BN QFSGPSNT UP DPPL
SJTPUUP ѮJT XIPMF TFDUJPO JT EFWPUJOH UP ëFTIJOH PVU UIJT JEFB BOE NBLJOH JU QSFDJTFíí
-FUNF DMBSJGZ XIBU *NFBO CZ TBZJOH UIBU LOPXIPXIBT EJSFDUJWF DPOUFOU $POUFOUT
NBSL UIF SPMF PG BO BUUJUVEF JO B HFOFSBM QJDUVSF PG UIF NJOE 0ODF BHBJO UIF BOBMPHZ
XJUI FYQSFTTJWJTN JT JMMVNJOBUJOH ѮF TXJUDI UP OPOEFTDSJQUJWF DPOUFOUT JT NFBOU UP
DBQUVSF UXP GFBUVSFT UIBU BDDPSEJOH UP UIF FYQSFTTJWJTU OPSNBUJWF BUUJUVEFT QPTTFTT
'JSTU GPS UIF FYQSFTTJWJTU OPSNBUJWF BUUJUVEFT BSF OPOSFQSFTFOUBUJPOBM UIFJS DPOUFOUT
EPOU EFQJDU GBDUT BOE EPOU IBWF USVUI DPOEJUJPOT JO UIF TUBOEBSE TFOTF 4FDPOE UIF
FYQSFTTJWJTU UBLFT OPSNBUJWF BUUJUVEFT UP IBWF B TQFDJBM NPUJWBUJPOBM GPSDF XIJDI EJTUJO
HVJTIFT UIFN GSPN CFMJFGT )FODF UIF TXJUDI JO DPOUFOU NBSLT B TXJUDI JO UIF GVODUJPOBM
SPMF BTTJHOFE UP OPSNBUJWF BUUJUVEFT 4JNJMBSMZ UIF DMBJN UIBU LOPXIPX IBT EJSFDUJWF
DPOUFOUNFBOT UIBU LOPXIPX IBT B EJĒFSFOU GVODUJPOBM SPMF GSPNQSPQPTJUJPOBM LOPXM
FEHF BOE CFMJFG 8IBU JT UIJT OFX GVODUJPOBM SPMF 
ííѮF JEFB UIBU LOPXIPX IBT B LJOE PG EJSFDUJWF DPOUFOU JT WFSZ OBUVSBM 6OTVSQSJTJOHMZ JU IBT SFTVSGBDFE
BHBJO BOE BHBJO JO UIF MJUFSBUVSF PO LOPXIPX 3ZMF  IJNTFMG FOUFSUBJOT UIF TVHHFTUJPO 	UIFO SF
KFDUFE BT B QBSU PG UIF iJOUFMMFDUVBMJTU MFHFOEu
 UIBU LOPXIPX NJHIU JOWPMWF iQSFTDSJQUJPOTu " OPUJPO PG
iQSPDFEVSBMu PS SVMFCBTFE LOPXMFEHF XIJDI XBT NFBOU UP DBTI PVU UIF USBEJUJPOBM OPUJPO PG LOPXIPX
XBT GPSNVMBUFE JO UIF BSUJêDJBM JOUFMMJHFODF MJUFSBUVSF 	TFF BNPOH NBOZ 8JOPHSBE  BOE $PIFO 
4RVJSF 
íî %BWJE $BSS IBT MJOLFE LOPXIPX UP QSBDUJDBM SBUJPOBMJUZ BSHVJOH UIBU QPTTFTTJOH LOPX
IPX BNPVOUT UP CFJOH JOTUSVDUFE iCZ NFBOT PG QSBDUJDBM EJSFDUJWFTu 	$BSS 
 .Z QSPQPTBM JT OPU B
EFTDFOEBOU PG BOZ PG UIFTF BDDPVOUT CVU UIF QPQVMBSJUZ PG UIF EJSFDUJWF JEFB TVHHFTUT UIBU JU FNCPEJFT BO
JNQPSUBOU JOUVJUJPO

4UBSU GSPN B SBUIFS DSVEF QJDUVSF UIJOL PG JOEJWJEVBMT BT DPNQMFY GVODUJPOBM TZT
UFNT XJUI VQTUSFBN BOE EPXOTUSFBN DPOOFDUJPOT UP UIF FOWJSPONFOU *OGPSNBUJPO
FOUFST WJB UIF VQTUSFBN MJOLT UIF EPXOTUSFBN MJOLT SFTVMU JO CFIBWJPS * BTTVNF UIBU
QSPQPTJUJPOBM BUUJUVEFT MJLF CFMJFGT BOE EFTJSFT BSF QBSUMZ DPOTUJUVUFE CZ UIF GVODUJPOBM
SPMF UIFZ QMBZ JO UIF QSPDFTTFT UIBU TUBSU XJUI VQUBLF PG JOGPSNBUJPO BOE FOE JO QSPEVD
UJPO PG CFIBWJPS 'PS FYBNQMF QBSU PG XIBU JU JT UP CF B CFMJFG JT UP TUBOE JO UIF SJHIU LJOE
PG GVODUJPOBM DPOOFDUJPOT UP UIF JOEJWJEVBMT VQTUSFBN BOE EPXOTUSFBN DPOOFDUJPOT UP
UIF FOWJSPONFOU BT XFMM BT UP PUIFS LJOET PG NFOUBM TUBUFTíņ *O QBSUJDVMBS UIF GVOD
UJPOBM SPMF PG SFQSFTFOUBUJPOBM TUBUFT MJLF CFMJFG XJMM CF 	BNPOH PUIFS UIJOHT
 SFDPSEJOH
BOE TUPSJOH JOGPSNBUJPO GSPN UIF FOWJSPONFOU 4JODF SFDPSEJOH BOE TUPSJOH JOGPSNB
UJPO JOWPMWF B DBVTBM DPNQPOFOU UIJT NFBOT UIBU SFQSFTFOUBUJPOBM TUBUFT IBWFJO UIF
UFSNJOPMPHZ PG 4UBMOBLFS B CBDLXBSEMPPLJOH BTQFDU ѮFZ BSF QBSUMZ DPOTUJ
UVUFE CZ UIFJS TUBOEJOH JO OPSNBM DPOEJUJPOT JO BQQSPQSJBUF DBVTBM DPOOFDUJPOT XJUI
UIF FOWJSPONFOUíŇ /PUJDF UIBU UIJT JT OPU UP TBZ UIBU IBWJOH B DBVTBM DPOOFDUJPO UP
UIF FOWJSPONFOU JO OPSNBM DJSDVNTUBODFT JT UIF POMZ GVODUJPOBM SPMF PG CFMJFGT 0O UIF
DPOUSBSZ QIJMPTPQIFST BHSFF UIBU CFMJFGT BMTP IBWF B GPSXBSEMPPLJOH GVODUJPOBM SPMF
#VU NZ DMBJN XIJDI * UBLF UP CF VODPOUSPWFSTJBM JT UIBU UIF CBDLXBSEMPPLJOH BTQFDU
JT OFDFTTBSZ GPS B NFOUBM TUBUF UP DPVOU BT B CFMJFG
8IBU * EFOZ JT QSFDJTFMZ UIBU LOPXIPX IBT B TJNJMBS CBDLXBSEMPPLJOH GVODUJPOBM
SPMF 3FQSFTFOUJOH UIF FOWJSPONFOU JT OPU QBSU PG XIBU JU JT UP CF B TUBUF PG LOPXIPX
4UBUFT PG LOPXIPX EPOU IBWF UIF GVODUJPO PG TUBOEJOH JO CBDLXBSET DBVTBM DPOOFD
UJPOT UP TUBUFT PG UIF FOWJSPONFOU 3BUIFS UIF DFOUSBM GVODUJPOBM SPMF PG LOPXIPX
JT EFUFSNJOJOH CFIBWJPS BOE JO QBSUJDVMBS HVJEJOH QFSGPSNBODF PG QBSUJDVMBS UBTLT
,OPXIPX IBT B DFOUSBM GPSXBSEMPPLJOH GVODUJPOBM SPMF CVU OPU B CBDLXBSEMPPLJOH
POFBU MFBTU OPU UIF TBNF UIBU JT JO QMBZ GPS CFMJFG
ѮJT JEFB IBT UXP JOUFSFTUJOH DPOTFRVFODFT ѮF êSTU JT UIBU JU WJOEJDBUFT UIF MJOL
CFUXFFO LOPXIPX BOE BDUJPO HVJEBODF *U JT B USVJTN UIBU LOPXIPX JT XIBU HVJEFT
FYQFSU QFSGPSNBODF PG B UBTL ѮJT JT JOUVJUJWFMZ POF PG UIF GFBUVSFT UIBU TFUT LOPXIPX
BQBSU GSPN QSPQPTJUJPOBM LOPXMFEHF 1PTTFTTJPO PG UIF SFMFWBOU QSPQPTJUJPOBM LOPXM
FEHF JT OPU TVēDJFOU GPS TLJMMGVM QFSGPSNBODF * NJHIU IBWF EFUBJMFE LOPXMFEHF PG UIF
XBZ QFPQMF SJEF CJLFT ZFU TUJMM CF JODBQBCMF PG SJEJOH B CJLF JO B XJEF WBSJFUZ PG BDUVBM
BOE DPVOUFSGBDUVBM DJSDVNTUBODFT )FODF NZ IBWJOH QSPQPTJUJPOBM LOPXMFEHF JT CZ JU
TFMG OPU FOPVHI GPS NF UP IBWF LOPXIPXíň 'BDUVBMJTUT NVTU êOE B XBZ UP CSJEHF UIJT
íņ/PUJDF UIBU UIJT JT NVDI XFBLFS UIBO BTTVNJOH UIBU BUUJUVEFT MJLF CFMJFG BOE EFTJSF DBO CF BOBMZ[FE JO
GVODUJPOBM UFSNT "MM * SFRVJSF JT UIBU JO PSEFS UP DPVOU BT B CFMJFG B NFOUBM TUBUF NVTU QPTTJCMZ BNPOH
NBOZ PUIFS UIJOHT IBWF GVODUJPOBM DPOOFDUJPOT PG B DFSUBJO LJOE
íŇѮF AOPSNBM DPOEJUJPOT DMBVTF JT SFRVJSFE UP UBLF DBSF PG NJTSFQSFTFOUBUJPO DBTFT BOE JT OPUPSJPVTMZ IBSE
UP VOQBDL *ODJEFOUBMMZ OPUJDF UIBU DBVTBUJPO NJHIU OPU CF RVJUF UIF SJHIU GBDUPS PUIFS BDDPVOUT 	FH
%SFUTLFT 
 VTF OPNPMPHJDBM DPWBSJBUJPO JOTUFBE ѮJT EJĒFSFODF JT JSSFMFWBOU GPS NZ BDDPVOU
íň/PUJDF UIBU UIF BSHVNFOU EPFT OPU SFMZ PO UIF DPOUSPWFSTJBM JEFOUJêDBUJPO PG LOPXIPX XJUI BCJMJUJFT

HBQ "T * NFOUJPOFE 4UBOMFZ BOE8JMMJBNTPO BQQFBM UP XIBU UIFZ DBMM AQSBDUJDBM NPEFT
PG QSFTFOUBUJPO B TVCKFDU LOPXT IPX UP φ KVTU JO DBTF TIF LOPXT UIF SFMFWBOU QSPQPTJ
UJPO VOEFS B QSBDUJDBM NPEF PG QSFTFOUBUJPOíŉ #Z DPOUSBTU * IBWF OP OFFE GPS UIJT FYUSB
CSJEHJOH FMFNFOU 0O NZ QJDUVSF QPTTFTTJOH LOPXIPX KVTU JT UP CF JO B TUBUF UIBU JT
BDUJPOHVJEJOH ѮF DPOOFDUJPO CFUXFFO LOPXIPX BOE BDUJPO HVJEBODF JT CVJMU JOUP
UIF EFêOJUJPO PG UIF GPSNFS ѮJT PG DPVSTF EPFTOU NFBO UIBU UIF BDDPVOU FYQMBJOT UIF
BDUJPOHVJEJOH SPMF PG LOPXIPX #VU JU EPFT NBOBHF UP BWPJE BO BQQFBM UP NPEFT PG
QSFTFOUBUJPO PS TJNJMBS CSJEHJOH OPUJPOT
ѮF TFDPOE DPOTFRVFODF JT UIBU B GPSXBSEMPPLJOH BDDPVOU PG LOPXIPX TFFNT UP
BMMPX GPS MVDLZ LOPXIPX *U JT PѫFO PCTFSWFE UIBU LOPXIPX TFFNT JNNVOF UP(FUUJFS
QIFOPNFOB 5P NBLF UIF QPJOU * CPSSPX BO FYBNQMF GSPN $BUI íŊ
$IBSMJF XBOUT UP MFBSO IPX UP DIBOHF B MJHIU CVMC )F DPOTVMUT ѮF *EJPUT
(VJEF UP &WFSZEBZ +PCT ѮFSF IF êOET BDDVSBUF JOTUSVDUJPOT UP QFSGPSN
UIF UBTL BOE HSBTQT UIFN QFSGFDUMZ "T B SFTVMU IF DPNFT UP CF JO B QP
TJUJPO UP SFMJBCMZ DIBOHF MJHIUCVMCT 	JO OPSNBM DJSDVNTUBODFT BOE DFUFSJT
QBSJCVT
 #VU VOCFLOPXOTU UP $IBSMJF UIF HVJEFCPPL IBT CFFO XSJUUFO
XJUI UIF JOUFOUJPO UP NJTJOGPSN UIF SFBEFS BOE DPOUBJOT FYUSFNFMZ NJT
MFBEJOH JOTUSVDUJPOT GPS BMM PUIFS UBTLT ѮF BDDVSBUF JOTUSVDUJPOT BSF UIFSF
CFDBVTF PG B ëVLZ DPNQVUFS FSSPS UIBU DBVTFE SBOEPN UFYU UP BQQFBS PO
KVTU POF QBHF PG $IBSMJFT DPQZ PG UIF CPPL
%FTQJUF UIF FYUSFNF ëVLJOFTT JOWPMWFE JO UIF DBTF JU TFFNT PCWJPVT UIBU $IBSMJF DPNFT
UP LOPX IPX UP DIBOHF B MJHIUCVMC BT B SFTVMU PG SFBEJOH UIF CPPL ѮJT CSJOHT PVU B
NBKPS EJĒFSFODF CFUXFFO LOPXIPX BOE QSPQPTJUJPOBM LOPXMFEHF PCWJPVTMZ $IBSMJF
JT JO OP QPTJUJPO UP HBJO QSPQPTJUJPOBM LOPXMFEHF GSPN UIF CPPLíŋ
"MM UIBU * OFFE JT UIBU QPTTFTTJPO PG LOPXIPX FOUBJMT QPTTFTTJPO PG BCJMJUZ JO B TVJUBCMF SBOHF PG QPTTJCMF
DJSDVNTUBODFT 	OPU OFDFTTBSJMZ DMPTFCZ POFT
 ѮJT NVDI TIPVME CF VODPOUSPWFSTJBM
íŉ0O UIF WJFX EFGFOEFE JO IJT  4UBOMFZ ESPQT UIF DPNNJUNFOU UP NPEFT PG QSFTFOUBUJPO JO GBWPS PG
UIF JEFB UIBU LOPXIPX SFQPSUT FYQMPJU B TQFDJBM ëBWPS PG NPEBMJUZ XIJDI JT TMJHIUMZ EJĒFSFOU GSPN UIBU
PG UIF PWFSU NPEBM DBO 	'PS UIF DMBJN UIBU LOPXIPX SFQPSUT JO OBUVSBM MBOHVBHF JOWPMWF NPEBMJUZ TFF
UIF BQQFOEJY
 ѮVT XIFO 4BN XBUDIFT B 57 TIPX BCPVU NBLJOH SJTPUUP XJUIPVU UIFSFCZ BDRVJSJOH UIF
SFMBUFE LOPXIPX XIBU IF MFBSOT JT KVTU B EJĒFSFOU QSPQPTJUJPO GSPN UIF POF XIPTF LOPXMFEHF XPVME DPVOU
BT QPTTFTTJOH LOPXIPX ѮJT NPWF NJHIU CF BO JNQSPWFNFOU PO UIF 48 QSPQPTBM JO UIBU JU EJTQFOTFT
XJUI UIF OFFE GPS NPEFT PG QSFTFOUBUJPO #VU JU TUJMM MFBWFT UIF NPTU QSFTTJOH RVFTUJPOT VOTPMWFE XIBU
HFOFSBUFT UIF BDUJPOHVJEJOH QSPQFSUJFT PG UIFTF TQFDJBM QSPQPTJUJPOT "OE XIZ DBOU XF FYQSFTT UIFTF
QSPQPTJUJPOT JO TQFFDI TP UIBU XF DBO JNQBSU LOPXIPX TJNQMZ CZ VUUFSJOH B TFOUFODF PS HSBTQ UIFTF
QSPQPTJUJPOT TJNQMZ CZ XBUDIJOH 57 
íŊ'PS B TJNJMBS DBTF PVUTJEF UIF LOPXIPX MJUFSBUVSF TFF 1FUUJU 
íŋ$BWFBU UIF DMBJN UIBU LOPXIPX JT (FUUJFSJNNVOF JT EJTQVUFE CZ GBDUVBMJTUT 48 	 QBHF 

QSFTFOU BO FYBNQMF TUSVDUVSBMMZ BOBMPHPVT UP UIF $IBSMJF POF DMBJNJOH UIBU JU JT NFSFMZ B DBTF PG KVTUJêFE
USVF CFMJFG #VU UIFJS FYBNQMF JT VODPOWJODJOH 4VCKFDUT UIBU IBWF OP TUBLFT JO UIF LOPXIPX EFCBUF
JODMVEJOH QIJMPTPQIFST PWFSXIFMNJOHMZ DPOWFSHF PO UIF JEFB UIBU BMM $IBSMJFMJLF DBTFT HFOVJOFMZ JOWPMWF

" GVMM FYQMBOBUJPO PG (FUUJFS JNNVOJUZ HPFT CFZPOE UIF QVSQPTFT PG UIJT QBQFS #VU
JU TIPVME CF DMFBS UIBU B GPSXBSEMPPLJOH BDDPVOU PG LOPXIPX JT XFMM QMBDFE UP HJWF
UIJT FYQMBOBUJPO "T B CBDLXBSEMPPLJOH TUBUF QSPQPTJUJPOBM LOPXMFEHF SFRVJSFT B SFMJ
BCMF DPOOFDUJPO PG TPNF TPSU CFUXFFO UIF TVCKFDU BOE UIF XPSME :PV DBOOPU LOPX UIBU
UIF MJHIUCVMC JT CSPLFOZPV DBOOPU IBWF B CBDLXBSEMPPLJOH TUBUF JO HPPE TUBOEJOH
XJUIPVU B TVJUBCMF DPOOFDUJPO UP UIF GBDU UIBU UIF MJHIUCVMC JT CSPLFO (FUUJFS DBTFT JMMVT
USBUF KVTU UIF GBJMVSF PG UIJT DPOOFDUJPO #VU GPSXBSEMPPLJOH NFOUBM TUBUFT BSF FYFNQU
GSPN UIJT SFRVJSFNFOU ѮFZ BSF OPU JO UIF CVTJOFTT PG SFQSFTFOUJOH GBDUT JO UIF XPSME
BOE UIFJS CBDLXBSE DBVTBM DPOOFDUJPOT UP UIF FOWJSPONFOU BSF JSSFMFWBOU UP XIFUIFS
UIFZ EP UIFJS KPC QSPQFSMZ 4P UIFSF DBO CF GPSXBSEMPPLJOH TUBUFT JO HPPE TUBOEJOH
UIBU BSF CSPVHIU BCPVU CZ BDDJEFOU BT UIF $IBSMJF DBTF TIPXTîŅ
 1FSGPSNBODF QMBOT
* OPX QSPDFFE UP NZ NBJO UBTL OBNFMZ TQFDJGZJOH B OPOGBDUVBMJTU UIFPSZ PG DPOUFOU
GPS LOPXIPX *O UIF OFYU QBSBHSBQIT * HJWF B GVMM TFNBOUJDT GPS NFOUBM TUBUFT * XJMM
HJWF B CSJFG TLFUDI PG B TFNBOUJDT GPS LOPXIPX SFQPSUT JO MBOHVBHF JO UIF OFYU TFDUJPO
" GVMMZ EFWFMPQFE TFNBOUJDT XIJDI JT NPSF UFDIOJDBMMZ JOWPMWFE JT QPTUQPOFE UP UIF
BQQFOEJYîì
* TUBSU CZ EFêOJOH BO BUUJUVEF UIBU IBT UIF TBNF GVODUJPOBM SPMF PG LOPXIPX CVU EJG
GFST JO UIBU JU EPFTOU SFRVJSF TVDDFTT JO QFSGPSNBODF * DBMM UIJT BUUJUVEF IBWJOH B QFSGPS
NBODF QMBO )BWJOH B QFSGPSNBODF QMBO JT FTTFOUJBMMZ B OPOGBDUJWF BOBMPH PG LOPXIPX
* XPOU USZ UP QSPWJEF BO BOBMZTJT PG UIJT OPUJPO 	* BN JOEFFE TLFQUJDBM UIBU BOBMZTFT PG
UIJT LJOE DBO CF QSPWJEFE
 3BUIFS * HMPTT JU JO UFSNT PG BOPUIFS OPUJPO UIF OPUJPO PG
BO BHFOUT CFIBWJPS CFJOH HPWFSOFE CZ JOTUSVDUJPOT
" TVCKFDU 4 IBT B QFSGPSNBODF QMBO UP φ JO XBZ 8 KVTU JO DBTF 	DFUFSJT
QBSJCVT
 4T CFIBWJPS JT HPWFSOFE CZ JOTUSVDUJPOT BDDPSEJOH UP XIJDI BDUJOH
JO XBZ8 JT DPOEVDJWF UP φJOH
LOPXIPX *O SFQMZ 4UBOMFZ 	 DIBQUFS 
 BSHVFT UIBU PVS JOUVJUJPOT BCPVU UIFTF DBTFT BSF VOSFMJBCMF BOE
UIBU UIFSF JT EBUB TVHHFTUJOH UIBU BMM LOPXMFEHFXI BTDSJQUJPOT BSF IFBSE BT (FUUJFS JNNVOF GPS QSBHNBUJD
SFBTPOT ѮJT TFFNT B TUSPOH DMBJN BOE * EPOU UIJOL UIBU 4UBOMFZ HJWFT B MBSHF FOPVHI TVSWFZ PG UIF EBUB
UP TVQQPSU JU *O BOZ DBTF JG JOUVJUJPOT JO $IBSMJFMJLF DBTFT IBWF QSBHNBUJD SPPUT BT 4UBOMFZ DMBJNT TVSFMZ
JU TIPVME CF QPTTJCMF UP êOE BO FYBNQMF XIFSF DPOUFYU EPFTOU NJTMFBE VT #VU UP NZ LOPXMFEHF OP POF
IBT QSPEVDFE B DPOWJODJOH FYBNQMF PG UIJT LJOE
îŅ*ODJEFOUBMMZ UIJT QPJOU TVHHFTUT UIBU XF NJHIU êOE (FUUJFS BOBMPHT PG LOPXIPX CZ MPPLJOH BU UIF EPXO
TUSFBN DPOOFDUJPOT PG B TUBUF XJUI UIF FOWJSPONFOU 'PS SFBTPOT PG TQBDF * NVTU TFU BTJEF UIF RVFTUJPO
XIFUIFS UIFSF BSF TVDI DBTFT
îìѮF NPEFM * QSPQPTF JT SBUIFS MPPTFMZ JOTQJSFE CZ (JCCBSET 	
 TFNBOUJDT GPS EFMJCFSBUJWF EJTDPVSTF
OBNFMZ EJTDPVSTF BCPVU XIBU UP EP * XPOU CF HPJOH UISPVHI (JCCBSET PSJHJOBM TFNBOUJDT CVU UIF BOBMPHZ
XJMM CF USBOTQBSFOU UP SFBEFST GBNJMJBS XJUI IJT XPSL

ѮF DFUFSJT QBSJCVT RVBMJêDBUJPO JT UIFSF UP TDSFFO PĒ DBTFT XIFSF TPNFUIJOH JT UFN
QPSBSJMZ BXSZ JO UIF BHFOUT DPHOJUJWF BSDIJUFDUVSF 	UIFZSF JOUPYJDBUFE PS FYUSFNFMZ GB
UJHVFE FUD
 PS DBTFT XIFSF UIFZ MBDL UIF BCJMJUZ UP GPMMPX UIF JOTUSVDUJPOT CFDBVTF PG
DPOUJOHFOU SFBTPOT 	TBZ UIFJS IBOET BSF UJFE

" XPSE PG XBSOJOH BCPVU UFSNJOPMPHZ UIF OPUJPO PG IBWJOH B QFSGPSNBODF QMBO
POMZ CFBST B MJNJUFE SFTFNCMBODF UP UIF PSEJOBSZ OPUJPO PG IBWJOH B QMBO )BWJOH B
QFSGPSNBODF QMBO JT OPU JO HFOFSBM B QFSTPOBMMFWFM BUUJUVEF BMM DPNQFUFOU CJLF SJEFST
IBWF B QFSGPSNBODF QMBO UP UVSO UIF IBOEMFCBS UP UIF MFѫ BU UIF CFHJOOJOH PG B SJHIU UVSO
ZFU GFX PG UIFN BSF BXBSF PG UIJT QMBO #Z DPOUSBTU JU TFFNT TUSBJOFE UP TBZ UIBU BO BHFOU
IBT B QMBO JO UIF PSEJOBSZ TFOTF UP 	TBZ
 TQFOE UIFJS IPMJEBZT JO $SPBUJB ZFU UIFZ BSF
VOBXBSF PG JU "MTP BHFOUT NBZ IBWF QFSGPSNBODF QMBOT UIBU BSF JO OP XBZ NBOJGFTUFE
JO CPEJMZ CFIBWJPSGPS FYBNQMF BHFOUT NJHIU IBWF B QFSGPSNBODF QMBO UP FOHBHF JO
DFSUBJO NFOUBM PQFSBUJPOT UP TPMWF B NBUI QSPCMFN %FTQJUF UIFTF TIPSUDPNJOHT UIF
MBCFM AQMBO TUJMM TFFNT UP NF UIF CFTU UIBU * DBO êOEîí #VU UIF SFBEFS TIPVME CFBS JO
NJOE UIBU QFSGPSNBODF QMBOT BSF OPU QMBOT JO BO PSEJOBSZ TFOTF
-FU NF TBZ NPSF BCPVU UIF OPUJPO PG BO BHFOUT CFIBWJPS CFJOH iHPWFSOFE CZ JO
TUSVDUJPOTu $POTJEFS BO BHFOU FYFNQMJGZJOH TPNF PSEJOBSZ JOTUBODFT PG LOPXIPX
TBZ 4BN XIP JT B DPOTUSVDUJPO XPSLFS XJUI B QFODIBOU GPS UFOOJT BOE *UBMJBO DVJTJOF *
TBZ UIBU XIFO 4BN ESJWFT UP XPSL MBZT CSJDLT IJUT B CBMM XJUI B CBDLIBOE TUSPLF PS BE
KVTUT UIF êSF VOEFS UIF SJTPUUP IF FOHBHFT JO CFIBWJPS UIBU JT HPWFSOFE CZ JOTUSVDUJPOT
ѮJT JOWPMWFT BTTVNJOH UIBU UIF FYQMBOBUJPO PG 4BNT CFIBWJPS JO BMM UIFTF DJSDVNTUBODFT
XJMM BQQFBM UP QTZDIPMPHJDBM TUBUFT PG B DFSUBJO LJOE ѮFTF QTZDIPMPHJDBM TUBUFT BSF QBSU
PG UIF CSPBEMZ GVODUJPOBM QJDUVSF PVUMJOFE JO UIF QSFWJPVT QBHFT XIFO UIF BQQSPQSJ
BUF GVODUJPOBM DPOOFDUJPOT IPME UIFZ XJMM SFTVMU JO EFUFSNJOBUF QBUUFSOT PG CFIBWJPS
/PX BU BOZ HJWFO UJNF XF DBO UIJOL PG UIF UPUBMJUZ PG UIF TUBUFT PG UIJT LJOE UIBU 4BN
JOTUBOUJBUFT )FODF BU BOZ HJWFO UJNF XF DBO UBML BCPVU UIF PWFSBMM TFU PG JOTUSVDUJPOT
UIBU HVJEF 4BNT CFIBWJPS BU UIBU UJNF 3JHIU OPX UIJT TFU JODMVEFT 	TBZ
 JOTUSVDUJPOT GPS
ESJWJOH MBZJOH CSJDLT IJUUJOH B UFOOJT CBMM FUD ѮF TFU NJHIU FYQBOE PS DPOUSBDU JG 4BN
MFBSOT PS GPSHFUT IPX UP QFSGPSN UBTLT
ѮF OPUJPO PG BO BHFOUT CFIBWJPS CFJOH HPWFSOFE CZ JOTUSVDUJPOT JT UIF LFZTUPOF
PG UIF UIFPSZ BOE JU JT UIF POF UIBU * UBLF BT QSJNJUJWF *U JT PCWJPVTMZ B QIJMPTPQIJDBMMZ
MPBEFE OPUJPO 4P * EP IBWF B TVCTUBOUJBM QSJNJUJWF JO NZ GSBNFXPSL ѮJT JT OPU B
XPSSZ NZ HPBM JT QSPWJEJOH B GSBNFXPSL UP NPEFM UIF DPOUFOU PG TUBUFT PG LOPXIPX
SBUIFS UIBO USZJOH UP HJWF B HFOFSBM UIFPSZ PG LOPXIPX
-FU NF BEE UISFF DMBSJêDBUJPOT 'JSTU UIF OPUJPO PG BHFOUT CFIBWJPS CFJOH HPWFSOFE
îí"O BOPOZNPVT SFGFSFF TVHHFTUT ATUSBUFHZ PS AUFDIOJRVF BT BMUFSOBUJWF MBCFMT UP AQMBO * BHSFF UIBU UIFTF
MBDL TPNF DPOOPUBUJPOT UIBU * XBOU UP MFBWF PVU GSPN UIF OPUJPO PG B QFSGPSNBODF QMBO BU UIF TBNF UJNF
UIPVHI UIFZ BMTP TFFN UP MBDL UIF TVHHFTUJPO UIBU IBWJOH B QFSGPSNBODF QMBO JT BDUJPOHVJEJOH XIJDI JT
BO JNQPSUBOU QBSU PG NZ QSPQPTBM 4P * IBWF EFDJEFE UP TUJDL UP NZ MBCFM

CZ JOTUSVDUJPOT JT B EJTQPTJUJPOBM BOE OPU BO PDDVSSFOU POF 8IBU JOTUSVDUJPOT HPWFSO
B TVCKFDUT CFIBWJPS JT B NBUUFS PG XIBU TUBUFT XPVME HVJEF UIF TVCKFDU EVSJOH UIF QFS
GPSNBODF PG B UBTL TIPVME UIFZ FOHBHF JO UIPTF UBTLT 3FMBUFEMZ IBWJOH B QFSGPSNBODF
QMBO JT JOEFQFOEFOU PG IBWJOH BO JOUFOUJPO UP DBSSZ PVU UIF SFMFWBOU JOTUSVDUJPOT )BW
JOH B QFSGPSNBODF QMBO JT CFJOH JO B TUBUF TVDI UIBU XIFO JU FOUFST UIF SJHIU LJOE PG
GVODUJPOBM DPOOFDUJPOT JU HVJEFT QFSGPSNBODF PG UBTLT #VU UIBU TUBUF NJHIU KVTU OFWFS
FOUFS UIF SFMFWBOU GVODUJPOBM DPOOFDUJPOT " TVCKFDU IBWJOH B QMBO CVU MBDLJOH BO JOUFO
UJPO UP FYFDVUF UIF QMBO FYFNQMJêFT KVTU UIJT TJUVBUJPO
4FDPOE * BN DPOTUSVJOH JOTUSVDUJPOT BT MJOLFE UP QBSUJDVMBS HPBMT *O PUIFS XPSET
JOTUSVDUJPOT BSF OFWFS DBUFHPSJDBM 	Aφ
 CVU BMXBZT DPOEJUJPOBM PO B DFSUBJO HPBM 	Aφ
JO PSEFS UP TBUJTGZ HPBM (
 'PS FYBNQMF 4BNT CFIBWJPS JT HPWFSOFE CZ JOTUSVDUJPOT
UP BDU JO TVDI B TVDI B XBZ JO PSEFS UP NBLF SJTPUUP UP QFSGPSN TVDI BOE TVDI CPEJMZ
NPWFNFOUT JO PSEFS UP IJU B CBMM XJUI B CBDLIBOE TUSPLF UP IBOEMF CSJDLT JO TVDI BOE
TVDI B XBZ JO PSEFS UP CVJME B XBMM BOE TP PO "MTP * BMMPX UIBU B TVCKFDUT CFIBWJPS
NBZ CF HPWFSOFE CZ NVMUJQMF TFUT PG JOTUSVDUJPOT GPS QFSGPSNJOH B UBTL BOE IFODF UIBU
B TVCKFDU NBZ IBWF NVMUJQMF QMBOT UP QFSGPSN B UBTL 	ѮPVHI PG DPVSTF OPSNBMMZ BU
NPTU POF TFU PG JOTUSVDUJPOT BU B UJNF XJMM CF JO FYFDVUJPO
 ѮJT JT BT JU TIPVME CF ѮF
TBNF TVCKFDU NBZ IBWF UIF BCJMJUZ UP φ JO EJĒFSFOU XBZT .BTUFSZ PG POF XBZ EPFTOU
FYDMVEF NBTUFSZ PG UIF PUIFST
ѮJSE * BUUBDI OP TJHOJêDBODF UP UIF HMPTTFT PG UIF SFMFWBOU JOTUSVDUJPOT CFJOH JO UIF
JNQFSBUJWF NPPEîî * DMBJNFE UIBU IBWJOH B QMBO BOE LOPXIPX IBWF EJSFDUJWF DPOUFOU
*U TFFNT OBUVSBM UP JOGFS UIBU UIF DPOUFOUT PG UIFTF NFOUBM TUBUFT BSF BOE TIPVME CF
SFQPSUFE BT JNQFSBUJWFT #VU BT * FNQIBTJ[FE JO TFDUJPO  UIF DMBJN UIBU UIFTF TUBUFT
IBWF EJSFDUJWF DPOUFOU JT NFSFMZ B DMBJN BCPVU UIFJS GVODUJPOBM SPMF 3PVHIMZ IBWJOH B
QFSGPSNBODF QMBO IBT UIF GVODUJPOBM SPMF PG HVJEJOH CFIBWJPS XIFO UIF TVCKFDU FOHBHFT
JO TQFDJêD UBTLT * XBOU UP SFNBJO OFVUSBM PO UIF JTTVF XIFUIFS UIF DPOUFOU PG LOPX
IPX JT MJUFSBMMZ TPNF LJOE PG JNQFSBUJWF ѮF SFBTPO JT UIBU JUT VODMFBS UP NF IPX JG BU
BMM UIF EJTUJODUJPO CFUXFFO JOEJDBUJWF BOE JNQFSBUJWF NPPE NBZ CF USBOTQPTFE UP UIF
MFWFM PG BUUJUVEF DPOUFOU 	*U JT BMTP DPOUSPWFSTJBM XIBU UIF EJTUJODUJPO BNPVOUT UP JO UIF
êSTU QMBDF TFF $IBSMPX  GPS BO PWFSWJFX
 ѮJT JT BO JOUFSFTUJOH RVFTUJPO CVU POF
BCPVU XIJDI * NBLF OP DPNNJUNFOUT BU UIJT TUBHF
-FU NF BMTP BEESFTT UXP PCKFDUJPOT 'JSTU POF NJHIU XPSSZ UIBU UIF OPUJPO PG IBW
JOH B QFSGPSNBODF QMBO JT UPP EFNBOEJOH ѮF XBZ * FYQMJDBUF IBWJOH B QMBO TFFNT UP
SFRVJSF UIJOLJOH UIBU POFT QMBOT XJMM HFOFSBMMZ CF TVDDFTTGVM TJODF UIF SFMFWBOU JOTUSVD
UJPOT IBWF UP SFQSFTFOU UIF DPVSTF PG BDUJPO BT DPOEVDJWF UP CSJOHJOH BCPVU UIF QMBO
#VU BHFOUT TFFN UP IBWF QFSGPSNBODF QMBOT FWFO XIFO UIFZ BSF OPU DPOêEFOU JO UIFJS
PXO TVDDFTT 'PS FYBNQMF B QSPGFTTJPOBM CBTFCBMM QMBZFS TFFNT UP IBWF B QFSGPSNBODF
îîѮJT JT XIZ JO UIF JO UIF EFêOJUJPO BCPWF JU JT PLBZ UP HMPTT UIF DPOUFOU PG UIF SFMFWBOU JOTUSVDUJPOT JO UIF
JOEJDBUJWF NPPE 	BT iJOTUSVDUJPOT BDDPSEJOH UP XIJDI BDUJOH JO XBZ8 JT DPOEVDJWF UP φJOH


QMBO UP BDU JO XBZ8 UP CBU FWFO UIPVHI UIF TVDDFTT SBUF GPS CBUUJOH BNPOH QSPGFTTJPOBM
QMBZFST JT MPXFS UIBO îņ ѮF SFQMZ JT UIBU XIBU JT SFQSFTFOUFE JO QFSGPSNBODF QMBOT
NBZ DPNF BQBSU GSPN XIBU JT SFQSFTFOUFE JO UIF BHFOUT DPHOJUJWF BUUJUVEFT )FODF UIF
ĦĩĩT DPNQBUJCMF XJUI B CBTFCBMM QMBZFST QMBOT NBZ SFQSFTFOU NPWJOH JO XBZ8 BT DPO
EVDJWF UP CBUUJOH XIJMF BU UIF TBNF UJNF UIFJS DSFEFODF EJTUSJCVUJPO BTTJHOT MFTT UIBO
 DSFEFODF UP XPSMET XIFSF UIFZ CBU TVDDFTTGVMMZ ѮJT JT OPU B QSPCMFN 1FSGPSNBODF
QMBOT BOE DSFEFODFT BSF EJĒFSFOU LJOET PG QTZDIPMPHJDBM TUBUFT 8F TIPVME OPU FYQFDU
UIFJS DPOUFOU UP MJOF VQ BTJEF GSPN TQFDJBM DBTFT
$POWFSTFMZ POF NJHIU XPSSZ UIBU NZ WJFX NBLFT TVDDFTT UPP FBTZ ,OPXJOH IPX
UP φ 	BOE IFODF IBWJOH B QMBO UP φ JO B DFSUBJO XBZ
 EPFTOU FOUBJM CFJOH BCMF UP φîŇ #VU
JG BO BHFOUT CFIBWJPS JT HVJEFE CZ BQQSPQSJBUF JOTUSVDUJPOT UP QFSGPSN UIF UBTL UIFO JU
TFFNT UIBU UIF BHFOU XJMM OFDFTTBSJMZ QFSGPSN UIF UBTL TVDDFTTGVMMZ 4P UIF XPSSZ HPFT
NZ WJFX MFBWFT OP HBQ CFUXFFO LOPXJOH IPX BOE BCJMJUZ
ѮF PCKFDUJPO SFMJFT PO UIF GPMMPXJOH BTTVNQUJPO JG BO BHFOUT CFIBWJPS JT HPWFSOFE
CZ JOTUSVDUJPOT UIBU UFMM UIFN UP BDU JO B DFSUBJO XBZ UIFZ XJMM OFDFTTBSJMZ BDU JO UIBU XBZ
#VU * EFOZ UIJT "O BHFOUT CFIBWJPS NJHIU CF HPWFSOFE CZ DFSUBJO JOTUSVDUJPOT BOE BU
UIF TBNF UJNF WBSJPVT GBDUPST NJHIU HFU JO UIF XBZ PG UIF JOTUSVDUJPOT CFJOH DBSSJFE
PVU TVDDFTTGVMMZ ѮFJS QFSJQIFSBM OFVSBM DJSDVJUSZ NJHIU NJTêSF ѮFJS NVTDMFT NJHIU
CF UPP XPSO PVU PS UPP XFBL ѮFJS CPEZ NJHIU OPU DPNQMZ JO TPNF PUIFS XBZ 5BLF
B DPODSFUF FYBNQMF 4BN IBT B QFSGPSNBODF QMBO UP BDU JO XBZ 8 UP IJU B MPC TIPU JO
UFOOJT ѮJT QMBO JT B HPPE POFUIF LJOE PG QMBO UIBU JO NBOZ DJSDVNTUBODFT MFBET UP
TVDDFTT "T B SFTVMU BT MPOH BT IFT ZPVOH BOE IJT CPEZ SFTQPOET QSPQFSMZ 4BNNBOBHFT
UP IJU TVDDFTTGVM MPC TIPUT QSFUUZ DPOTJTUFOUMZ #VU OPX TVQQPTF UIBU BT 4BN BHFT IJT
NVTDMFT CFDPNF MFTT SFTQPOTJWF BOE IF MPTFT UIF BCJMJUZ PG IJUUJOH MPCT "MM IJT BUUFNQUT
GBJM /FWFSUIFMFTT XIJMF IF USJFT UP IJU MPCT IJT CFIBWJPS JT TUJMM HPWFSOFE CZ UIF TBNF
QTZDIPMPHJDBM TUBUFT )JT BHJOH IBT IBE FĒFDUT PO IJT NVTDMFT CVU OPU PO IJT CSBJO
)FODF IF IF TUJMM IBT UIF TBNF QFSGPSNBODF QMBO BOE QSFTVNBCMZ IF TUJMM LOPXT IPX
UP IJU B MPC )FT KVTU OPU BCMF UP EP TP BOZ NPSFîň
ѮJT PCKFDUJPO JT SBUIFS WFYJOH GPS PUIFS CSBOET PO OPOGBDUVBMJTN 	GPS FYBNQMF UIF
BDDPVOU JO )BXMFZ 
 #VU NZ BDDPVOU IBOEMFT JU FBTJMZ -FU NF TUSFTT XIZ MJLF UIF
GBDUVBMJTU * BN BTTVNJOH UIBU TUBUFT PG LOPXIPX BSF TUBUFT JOEJWJEVBUFE JO QBSU CZ B
DFSUBJO DPOUFOU SBUIFS UIBO KVTU CZ CFIBWJPSBM EJTQPTJUJPOT ѮJT BMMPXTNF UP SFDPHOJ[F
DJSDVNTUBODFTXIFSF UIF SFMFWBOUNFOUBM TUBUFT BSF QSFTFOU XIJMF UIF CFIBWJPSBM PVUQVUT
îņѮBOLT UP BO BOPOZNPVT SFGFSFF GPS SBJTJOH UIJT JTTVF BOE TVHHFTUJOH UIJT FYBNQMF
îŇ'PS B EFGFOTF PG UIJT DMBJN TFF #FOHTPO FU BM  BOE #FOHTPO  .PĒFUU 
îň*O UIF MJNJU DBTF 4BN NJHIU BDRVJSF BO ABQQSPQSJBUF QFSGPSNBODF QMBO UP φ XJUIPVU FWFS EFWFMPQJOH UIF
BCJMJUZ UP φ "O BMMFHFE DBTF PG UIJT LJOE JT QSFTFOUFE JO #FOHTPO FU BM  UIFZ EFTDSJCF B TLJ JOTUSVDUPS
XIP JT BCMF UP TVDDFTTGVMMZ UFBDI B OVNCFS PG TLJFST IPX UP QFSGPSN DFSUBJO DPNQMFY TUVOUT CVU VOBCMF UP
QFSGPSN UIF TUVOUT IJNTFMG 8IFO QSFTFOUFE XJUI UIJT DBTF TVCKFDUT KVEHF UIBU UIF JOTUSVDUPS EPFT LOPX
IPX UP QFSGPSN UIF TUVOUT * BHSFF UIBU UIJT JOUVJUJPO JT BWBJMBCMF BOE NZ BDDPVOU DBO WJOEJDBUF JU

BSF OPU ѮJT JT POF PG UIF FYQMBOBUPSZ BEWBOUBHFT PG GBDUVBMJTN UIBU * DBO SFQMJDBUF XIJMF
TUJMM SFNBJOJOH PO UIF OPOGBDUVBMJTU TJEF PG UIF EJWJEF
 .BYJNBM QMBOT TFNBOUJDT
* OPX UVSO UP UIF EFWFMPQNFOU PG UIF GPSNBM GSBNFXPSL ѮF NBJO NPWF JT UP USFBU
UIF TFNBOUJDT PG IBWJOH B QMBO BDDPSEJOH UP UIF CMVFQSJOU QSPWJEFE CZ QPTTJCMF XPSMET
TFNBOUJDT GPS CFMJFG *O UIF MBUUFS XF EFêOF B TQBDF PG NBYJNBM XBZT UIF XPSME NJHIU
CF PS QPTTJCMF XPSMET BOE NPEFM UIF DPOUFOU PG JOEJWJEVBM BUUJUVEFT BT TFUT PG XPSMET
OBNFMZ UIF XPSMET DPNQBUJCMF XJUI UIF BUUJUVEF JO RVFTUJPO 4JNJMBSMZ * JOUSPEVDF AUPUBM
QMBOT BOE * NPEFM UIF DPOUFOU PG IBWJOH B QMBO BT B TFU PG UPUBM QMBOT .PSF QSFDJTFMZ
* EFêOF B TQBDF PG NBYJNBM QFSGPSNBODF QMBOT *O JOGPSNBM UFSNT B NBYJNBM QFSGPS
NBODF QMBO 	IFODFGPSUI Ħĩĩ
 JT B NBQQJOH PG QPTTJCMF DPVSTFT PG BDUJPOCZ XIJDI *
NFBO TJNQMZ QPTTJCMF TFRVFODFT PG BDUJPOT QFSGPSNFE CZ UIF TVCKFDUUP HPBMT ѮJT
NBQQJOH XJMM JO HFOFSBM CF NBOZUPPOF " NBYJNBM QFSGPSNBODF QMBO JT UPUBM JO UIF
TFOTF UIBU JU NBQT FWFSZ QPTTJCMF DPVSTF PG BDUJPO UP B HPBM *O NFUBQIPSJDBM UFSNT ZPV
DBO UIJOL PG BO Ħĩĩ BT B HJHBOUJD MPPLVQ UBCMF MJOLJOH DPVSTFT PG BDUJPO XJUI HPBMTîŉ
ĦĩĩT MFOE UIFNTFMWFT UP B GPSNBM EFêOJUJPO 8F DBO NPEFM B DPVSTF PG BDUJPO TJN
QMZ BT B TFU PG XPSMET JF UIF TFUT PG XPSMET XIFSF UIBU DPVSTF PG BDUJPO UBLFT QMBDFîŊ
4JNJMBSMZ XF DBO NPEFM HPBMT BT UIF TFUT PG XPSMET XIFSF UIF HPBMT BSF BDIJFWFE )FODF
BO Ħĩĩ DBO CF NPEFMFE BT B 	NBOZUPPOF
 NBQQJOH PG TFUT PG XPSMET UP TFUT PG XPSMET
ѮF NBQQJOH XJMM DBQUVSF B LJOE PG DBVTBM SFMBUJPO ĦĩĩT NPEFM XIBU HPBMT BSF CSPVHIU
BCPVU CZ DFSUBJO DPVSTFT PG BDUJPOîŋ
4P NVDI GPS UIF CBTJD FMFNFOUT PG UIF UIFPSZ "U UIJT QPJOU * IBWF UIF SFTPVSDFT
UP HJWF B TQFDJêDBUJPO PG DPOUFOU JO UIJT GSBNFXPSL *O BOBMPHZ UP XIBU IBQQFOT XJUI
QPTTJCMF XPSMET BOE CFMJFGT UIF DPOUFOU PG B QMBO JT TQFDJêFE JO UFSNT PG DPNQBUJCJMJUZ
XJUI UIF TVCKFDUT PWFSBMM QMBOT .PSF TQFDJêDBMMZ
îŉ-FU NF FNQIBTJ[F UIBU CZ JOUSPEVDJOH ĦĩĩT XF BSF OPU DPNNJUUJOH PVSTFMWFT UP VOSFBMJTUJD BTTVNQUJPOT
BCPVU XIBU JT SFQSFTFOUFE JO TVCKFDUT NJOET ĦĩĩT BSF GPSNBM UPPMT UIBU UIF UIFPSJTU VTFT UPNPEFM TVCKFDUT
NFOUBM TUBUFT BOE BSF OPU TVQQPTFE UP CF QTZDIPMPHJDBMMZ SFBM ѮF TBNF QPJOU BQQMJFT UP XPSMET JO QPTTJCMF
XPSMET TFNBOUJDT TFF 	BNPOH NBOZ PUIFST
 UIF QPTUTDSJQU UP -FXJT 
îŊ'PS XFMMLOPXO SFBTPOT SFMBUJOH UP TFMGMPDBUJOH BUUJUVEFT 	DG -FXJT  1FSSZ 
 XF NJHIU IBWF UP
VTF DFOUFSFE XPSMET SBUIFS UIBO QPTTJCMF XPSMET IFSF ѮJT QPJOU JT OPU DFOUSBM UP NZ QVSQPTFT TP * TFU JU
BTJEF
îŋ*U NJHIU TFFN JNQMBVTJCMF UIBU FWFSZ DPVSTF PG BDUJPO JT NBQQFE UP B VOJRVF HPBM 'PS FYBNQMF POF NJHIU
MPXFS UIF IFBU VOEFS UIF SJTPUUP XJUI UXP HPBMT BWPJE CVSOJOH UIF SJDF BOE DPPLJOH UIF WFHFUBCMFT BU UIF
SJHIU UFNQFSBUVSF 8F DBO UBLF DBSF PG DBTFT PG UIJT TPSU CZ DPOTUSVJOH UIF HPBMT BQQFBSJOH JO ĦĩĩT BT
NBYJNBMMZ TQFDJêD JF CZ UBLJOH DPOKVODUJPOT PG XIBU XF PSEJOBSJMZ DPOTJEFS UP CF EJĒFSFOU HPBMT 0OF
NJHIU TUJMM XPSSZ UIBU EJĒFSFOU DPVSTFT PG BDUJPO DBO CF VOEFSUBLFO XJUI EJĒFSFOU BOE QFSIBQT JODPNQBU
JCMF HPBMT * UIJOL UIJT QSPCMFN DBO CF BWPJEFE CZ JOEJWJEVBUJOH DPVSTFT PG BDUJPO JO B NPSF êOFHSBJOFE
XBZ *G UIJT XBT OPU FOPVHI UP TPMWF UIF XPSSZ *E CF IBQQZ UP DPOTUSVF ĦĩĩT BT NBOZUPNBOZ NBQQJOHT
/PUIJOH JO XIBU * TBZ SFRVJSFT UIFN UP CF NBOZUPPOF

4 IBT B QMBO UP φ JO XBZ8 JĒ GPS FWFSZ Ħĩĩ N DPNQBUJCMF XJUI 4T QMBOT
BDDPSEJOH UPN BDUJOH JO XBZ8 CSJOHT BCPVU φJOH
'PS JMMVTUSBUJPO UBLF UIF VTVBM SJTPUUP FYBNQMF * TBZ UIBU 4BN IBT B QMBO UP DPPL SJTPUUP
JO XBZ 8XIJDI TBZ DPOTJTUT JO UISPXJOH SJDF JO B QPU BOE TMPXMZ BEEJOH XBUFS VO
UJM UIF SJDF JT DPPLFEKVTU JO DBTF BDDPSEJOH UP BMM ĦĩĩT DPNQBUJCMF XJUI 4BNT QMBOT
BDUJOH JO XBZ 8 JT DPOEVDJWF UP NBLJOH SJTPUUP /PUJDF UIBU UIF SFMFWBOU ĦĩĩT NJHIU
BMTP BMMPX PUIFS DPVSTFT PG BDUJPOT UIBU CSJOH BCPVU UIF NBLJOH PG SJTPUUP NPSFPWFS
UIFZ OFFE OPU BHSFF PO XIFUIFS UIFTF PUIFS DPVSTFT PG BDUJPO BSF DPOEVDJWF UP SJTPUUP
NBLJOH 8IBU NBUUFST JT UIBU UIFZ BMM BHSFF UIBU UIF DPVSTF PG BDUJPO JOEJWJEVBUFE CZ8
JOWBSJBCMZ CSJOHT BCPVU 4BNT DPPLJOH SJTPUUP
5XP DMBSJêDBUJPOT BSF JO PSEFS 'JSTU * UBLF UIF UBML PG BDUJOH JO DFSUBJO XBZT UP CF
KVTU B OPUBUJPOBM WBSJBOU PG UIF UBML PG DPVSTFT PG BDUJPO * BQQFBM UP XBZT KVTU CFDBVTF
UIFZ UVSO PVU UP CF VTFGVM GPS B TFNBOUJDT PG LOPXIPX SFQPSUT 4FDPOE * TIPVME FYQMBJO
XIBU JU JT GPS BOĦĩĩ UP CF DPNQBUJCMF XJUI B TVCKFDUT QMBO "T JO QPTTJCMF XPSMET TFNBO
UJDT GPS CFMJFG UIJT OPUJPO PG DPNQBUJCJMJUZ JT UIF QSJNJUJWF OPUJPO PG NZ GPSNBM NPEFM
#VU HJWFO XIBU *WF TBJE TP GBS UIF CBTJD JEFB TIPVME CF QSFUUZ DMFBS "O Ħĩĩ SFQSFTFOUT
XIBU DPVSTFT PG BDUJPO BSF DPOEVDJWF UP XIBU HPBMT )FODF BO Ħĩĩ JT DPNQBUJCMF XJUI
B TVCKFDUT QMBOT KVTU JO DBTF UIPTF QMBOT EPOU SVMF PVU B DFSUBJO DPVSTF PG BDUJPO CFJOH
DPOEVDJWF UP B HPBM 'PS FYBNQMF BO Ħĩĩ UIBU NBQT ëBQQJOH POFT BSNT UP UIF HPBM PG
SJEJOH B CJLF JT DPNQBUJCMF XJUI B TVCKFDUT QMBOT KVTU JO DBTF UIF TVCKFDUT PWFSBMM QMBOT
EPOU SVMF PVU ëBQQJOH POFT BSN CFJOH DPOEVDJWF UP TVDDFTTGVMMZ SJEJOH B CJLF
1PTTJCMF XPSMET TFNBOUJDT GPS CFMJFG NPEFMT OPU POMZ TUBUJD CFMJFGT CVU BMTP MFBSOJOH
8IFO B TVCKFDU MFBSOT B QSPQPTJUJPO Q UIF TFU PG XPSMET UIBU BSF DPNQBUJCMF XJUI UIFJS
CFMJFG TUBUF JT TISVOL CZ SVMJOH PVU BMM XPSMET XIJDI EPOU WBMJEBUF Q ѮJT GFBUVSF PG
UIF GSBNFXPSL DBSSJFT PWFS UP QMBOT BOE ĦĩĩT "DRVJSJOH B QMBO DBO CF NPEFMFE CZ
TISJOLJOH UIF TFU PG ĦĩĩT UIBU BSF DPNQBUJCMF XJUI UIF TVCKFDUT QMBOT 4VQQPTF UIBU 4BN
VOEFSHPFT USBJOJOH GPS DPPLJOH SJTPUUP *G 4BN JT DPNQMFUFMZ JHOPSBOU BU UIF CFHJOOJOH
PG IJT USBJOJOH BMM TPSUT PG ĦĩĩT XJMM CF DPNQBUJCMF XJUI XIBU IF LOPXT 'PS BOZ DPVSTF
PG BDUJPO " TPNF ĦĩĩT XJMM SFQSFTFOU " BT DPOEVDJWF UP NBLJOH SJTPUUP PUIFST XPOU
"T 4BN TUBSUT MFBSOJOH TPNF PG UIFTF ĦĩĩT BSF SVMFE PVU "U UIF FOE PG UIF USBJOJOH
BMM PG UIF ĦĩĩT DPNQBUJCMF XJUI 4BNT QMBO XJMM BHSFF JO SFQSFTFOUJOH TPNF DPVSTF PG
BDUJPO BT DPOEVDJWF UP SJTPUUPNBLJOH *G UIF USBJOJOH JT JOEFFE TVDDFTTGVM UIJT XJMM CF
JO GBDU B HPPE DPVSTF PG BDUJPO GPS NBLJOH SJTPUUP CVU PG DPVSTF JU NJHIU CF UIBU UIJT
DPVSTF PG BDUJPO BDUVBMMZ MFBET UP GBJMVSF BOE UIBU IJT QMBOT EPOU BNPVOU UP QPTTFTTJPO
PG LOPXIPX

 'SPN QMBOT UP LOPXIPX
)BWJOH B QMBO JTNFBOU UP CF B OPOGBDUJWF BOBMPH PG LOPXIPX *U TFFNT DMFBS UIBU UIFSF
TIPVME CF TVDI BO BOBMPH ѮFSF BSF DBTFT XIFSF B TVCKFDU QFSGPSNT B UBTL PO UIF CBTJT
PG BDUJPOHVJEJOH TUBUFT XIFUIFS TVDDFTTGVMMZ PS OPU ZFU TIF EPFTOU DPVOU BT IBWJOH
UIF SFMFWBOU LOPXIPX "U UIF TBNF UJNF JUT OPU JNNFEJBUFMZ DMFBS XIBU UIF GBDUJWJUZ
PG LOPXIPX BNPVOUT UPņŅ *UT PCWJPVTMZ UPP TUSPOH UP TBZ UIBU LOPXIPX SFRVJSFT B
TVCKFDU UP BMXBZT QFSGPSN UIF UBTL TVDDFTTGVMMZ FWFO XIFO BMM FOBCMJOH DPOEJUJPOT BSF
JO QMBDF 	UIF TVCKFDU JT OPU JOUPYJDBUFE PS UPP UJSFE FUD
 )FSF JT BNPSF QSPNJTJOH JEFB
XF SFRVJSF UIBU UP QPTTFTT LOPXIPX B TVCKFDU CF BCMF UP SFMJBCMZ QFSGPSN UIF UBTL JO B
TVJUBCMF SBOHF PG DJSDVNTUBODFT * UBLF UIJT MJOF IFSF 4P * FOEPSTF UIF GPMMPXJOH BOBMZTJT
PG LOPXJOH IPX UP φņì
4 LOPXT IPX UP φ JO XBZ 8 JO DPOUFYU D JĒ JO D 4 IBT B QMBO UP φ JO XBZ
8 BOE UIJT QMBO JT SFMJBCMZ TVDDFTTGVM BDSPTT DJSDVNTUBODFT $ņí
/PUJDF UIBU UIJT BOBMZTJT FYQMPJUT B OVNCFS PG QBSBNFUFST B SFMJBCJMJUZ UISFTIPME B OP
UJPO PG TVDDFTT B SBOHF PG QPTTJCMF DJSDVNTUBODFT *OUFSFTUJOHMZ JU TFFNT UIBU UIF WBMVFT
PG UIFTF QBSBNFUFST OFFE OPU CF TFU PODF BOE GPS BMM JO BMM DBTFT 8F DBO HFU LOPXIPX
JO DJSDVNTUBODFT XIFSF UIF WBMVFT PG UIFTF QBSBNFUFST BSF TFU JO WFSZ EJĒFSFOU XBZT
-FU NF HJWF TPNF FYBNQMFT
'JSTU UIFSF NJHIU CF WBSJBUJPO JO UIF DJSDVNTUBODFT UIBU BSF UBLFO BT TVJUBCMF GPS
FWBMVBUJOH QPTTFTTJPO PG LOPXIPX 4VQQPTF UIBU BѫFS TPNF USBJOJOH 4BN IBT BD
RVJSFE UIF BCJMJUZ UP NBLF SJTPUUP CZ VTJOH IJT PXO LJUDIFO UPPMT BOE B DFSUBJO LJOE PG
JOHSFEJFOUT #VU IF XPVME NJTFSBCMZ GBJM JO UIF UBTL JG IF XFSF UP VTF EJĒFSFOU UPPMT PS
EJĒFSFOU JOHSFEJFOUT IJT FYQFSUJTF KVTU JTOU CSPBE FOPVHI ZFU *O UIJT LJOE PG DJSDVN
TUBODF JU TFFNT UIBU XF NJHIU BTDSJCF 4BN LOPXMFEHF PG IPX UP NBLF SJTPUUP CVU BMTP
XF NJHIU OPU 4FDPOE UIFSF JT WBSJBUJPO JO XIBU DPVOUT BT TVDDFTTGVM QFSGPSNBODF PG B
QMBO *G 4BN SFMJBCMZ DPPLT B CBSFMZ FEJCMF SJTPUUP XF NJHIU PS NJHIU OPU DPVOU IJN BT
IBWJOH UIF SFMFWBOU LOPXIPX ѮJSE XF NJHIU IBWF WBSJBUJPO JO IPX SFMJBCMZ TVDDFTT
GVM POF IBT UP CF UP DPVOU BT IBWJOH LOPXIPX *U TFFNT QMBVTJCMF CPUI UIBU #BCF 3VUI
ņŅ'PS BOPUIFS BUUFNQU 	JO B EJĒFSFOU WFJO BOE XJUI EJĒFSFOU BJNT
 BU FYUFOEJOH UIF TUBOEBSE OPUJPO PG GBD
UJWJUZ TFF .PTT 
ņìѮFSF BSF DMFBS TJNJMBSJUJFT CFUXFFO UIJT BOBMZTJT BOE UIF BDDPVOU EFGFOEFE CZ )BXMFZ  UIPVHI *
FYQMJDJUMZ EFOZ UIBU UIF TVJUBCMF DJSDVNTUBODFT OFFE CF B TFU PG DMPTFTU XPSMET ѮF LFZ EJĒFSFODF CFUXFFO
)BXMFZT BDDPVOU BOE NJOF JT UIBU * DPOTUSVF LOPXIPX BT JOWPMWJOH B QTZDIPMPHJDBM TUBUF XJUI DPOUFOU
4IF CZ DPOUSBTU KVTU VTFT B OPUJPO PG DPVOUFSGBDUVBM TVDDFTT JO BDUJPO DPNCJOFE XJUI BO FQJTUFNPMPHJDBM
OPUJPO PG XBSSBOU +VTU UIF BQQFBM UP DPOUFOU * CFMJFWF JT XIBU BMMPXT NF UP FTDBQF TPNF PG UIF QSPCMFNT
GPS )BXMFZT BDDPVOU GPS FYBNQMF UIF LJOE PG DPVOUFSFYBNQMFT SBJTFE CZ #FOHTPO .PĒFUU  XIJDI
TFFN UP TIPX UIBU BO BHFOU DBO LOPX IPX UP φ FWFO XJUIPVU CFJOH BCMF UP φ JO BOZ OFBSCZ XPSME
ņíѮF A$ BQQFBSJOH PO UIF SJHIUIBOE TJEF PG UIF EFêOJUJPO JU JT TVQQPTFE UP CF B QMBDFIPMEFS GPS TPNFNPSF
EFUBJMFE TQFDJêDBUJPO PG SFMFWBOU DJSDVNTUBODFT 'PS FYBNQMF UIFTF DJSDVNTUBODFT NJHIU CF UIF POFT UIBU
BSF TVJUBCMZ DMPTF UP UIF DJSDVNTUBODFT PG D

LOFX IPX UP IJU B IPNF SVO JO CBTFCBMM BOE UIBU -JPOFM .FTTJ LOPXT IPX UP TDPSF B
QFOBMUZ JO TPDDFS #VU UIFSF JT B NBKPS EJĒFSFODF JO UIFJS TVDDFTT SBUF #BCF 3VUI IJU B
IPNF SVO JO NVDI MFTT UIBO  PG UIF DJSDVNTUBODFT JO XIJDI IF XBT CBUUJOH XIJMF
.FTTJT QFOBMUZ TDPSJOH SFDPSE JT NVDI IJHIFS ѮF GBDU UIBU XF TUJMM DPVOU #BCF 3VUI
BT QPTTFTTJOH LOPXIPX JT EVF UP UIF GBDU UIBU IJUUJOH B IPNF SVO JO CBTFCBMM JT NVDI
IBSEFS UIBO TDPSJOH B QFOBMUZ JO TPDDFS
*O TVNNBSZ XF DBO DPVOU B TVCKFDU BT IBWJOH LOPXIPX JO DJSDVNTUBODFT UIBU WBSZ
XJEFMZ BMPOH B OVNCFS PG EJNFOTJPOT )FSF * EPOU OFFE UP TFUUMF XIBU êYFT UIF WBMVFT
PG UIFTF QBSBNFUFSTXIFUIFS GFBUVSFT PG UIF DPOUFYU PG UIF TVCKFDU PG LOPXIPX PS
PUIFS FMFNFOUT 4JNJMBSMZ * BWPJE DPNNJUNFOUT BCPVU XIFUIFS BOE IPX LOPXIPX
BTDSJQUJPOT FOE VQ CFJOH DPOUFYUEFQFOEFOU JO UIF SFMFWBOU XBZT ѮFTF BSF JNQPSUBOU
RVFTUJPOT CVU * EPOU IBWF UIF TQBDF UP BEESFTT UIFN IFSF BOE * NVTU MFBWF UIFN UP
GVUVSF XPSL PO UIF UPQJDņî
 'BDUVBMJTN SFHBJOFE 
ѮJT DPODMVEFT NZ QSPQPTFE OPOGBDUVBMJTU BDDPVOU PG LOPXIPX #FGPSF NPWJOH PO
* XBOU UP DPOTJEFS B HFOFSBM MJOF PG DSJUJDJTN UP UIF QSPKFDU 2VJUF TJNQMZ UIF PCKFD
UJPO JT UIBU UIF BDDPVOU JT KVTU B LJOE PG GBDUVBMJTN JO EJTHVJTF "U UIF WFSZ MFBTU UIF
BDDPVOU JT NVDI DMPTFS UP GBDUVBMJTN UIBO 3ZMFT PSJHJOBM BDDPVOU * BN DMBJNJOH UIBU
TUBUFT PG LOPXIPX IBWF DPOUFOU BOE UIBU UIJT DPOUFOU DBO CF NPEFMFE CZ UPPMT UIBU
BSF BEBQUFE GSPN TUBOEBSE QPTTJCMF XPSMET TFNBOUJDT * IBWF HPOF GBS GSPN 3ZMF XIP
JEFOUJêFE LOPXIPX XJUI BO BCJMJUZ 	BOE IFODF HJWFO IJT WJFX PG BCJMJUJFT XJUI B TFU PG
EJTQPTJUJPOT

* BHSFF UIBU * IBWF DPNF B MPOH XBZ GSPN 3ZMF #VU * IBWF OPU HPOF BMM UIF XBZ UP
UIF GBDUVBMJTU TJEF * TUJMM SFUBJO B DSVDJBM QPJOU PG EJTBHSFFNFOU XJUI GBDUVBMJTUT 3FDBMM
4UBOMFZT 	
 TUBUFNFOU PG GBDUVBMJTN
<,>OPXJOH IPX UP EP TPNFUIJOH JT UIF TBNF BT LOPXJOH B GBDU *U GPMMPXT UIBU
MFBSOJOH IPX UP EP TPNFUIJOH JT MFBSOJOH B GBDU
ѮJT JT FYBDUMZ UIF NBJO DMBJN * EFOZ 0O UIF BDDPVOU * IBWF EFWFMPQFE LOPXJOH IPX
UP EP TPNFUIJOH JOWPMWFT FOUFSUBJOJOH B OPOGBDUVBM LJOE PG DPOUFOU *O UVSO UIJT EJĒFS
FODF JT UJFE UP B EJĒFSFODF JO GVODUJPOBM SPMFT CFUXFFO LOPXIPX BOE SFQSFTFOUBUJPOBM
NFOUBM TUBUFT
.PSFPWFS BOE NPSF JNQPSUBOUMZ JOTJTUJOH PO EFGFOEJOH B QVSFMZ 3ZMFBO QPTJUJPO
BU UIJT TUBHF PG UIF EFCBUF TFFNT BOBDISPOJTUJD 6TJOH OPOGBDUVBM DPOUFOUT TFFNT UIF
XBZ GPSXBSE JG XF BJN UP TRVBSF OPOGBDUVBMJTNXJUI LOPXIPX BTDSJQUJPOT 0ODFNPSF
ņîѮFSF BSF PCWJPVT BOBMPHJFT UP UIF EFCBUF PO DPOUFYUVBMJTN BCPVU QSPQPTJUJPOBM LOPXMFEHF IFSF 'PS TPNF
SFMFWBOU QPTJUJPOT TFF %F3PTF  -FXJT  )BXUIPSOF  4UBOMFZ  TFF BMTP 3ZTJFX  GPS
BO PWFSWJFX

UIF BOBMPHZ XJUI OPODPHOJUJWJTN JONFUBFUIJDT JT JMMVNJOBUJOH )JTUPSJDBM QSFDVSTPST PG
FYQSFTTJWJTN GPS FYBNQMF UIF FNPUJWJTN EFGFOEFE CZ 4UFWFOTPO 	
 SFGSBJOFE GSPN
BTTJHOJOH BOZUIJOH MJLF (JCCBSETUZMF DPOUFOU UP OPSNBUJWF DMBJNT 3BUIFS UIFZ UPPL
OPSNBUJWF DMBJNT UP CF SPVHIMZ PO B QBS XJUI FYDMBNBUJPOT TVDI BT A#PP PS A)PPSBZņņ
7JFXT PG UIJT TPSU SBO JOUP UIF VTVBM 'SFHF(FBDI XPSSJFT 'JSTU UIFZ XFSF VOBCMF UP BD
DPVOU GPS UIF TZOUBDUJD DPNQMFYJUZ PG OPSNBUJWF EJTDPVSTF 4FDPOE UIFZ XFSF VOBCMF UP
DBQUVSF BEFRVBUFMZ UIF XBZ JO XIJDI TUBUFNFOUT JOWPMWJOH CPUI OPSNBUJWF BOE EFTDSJQ
UJWF EJTDPVSTF DBO TUBOE JO MPHJDBM SFMBUJPOT .PEFSOEBZ FYQSFTTJWJTN XBT EFWFMPQFE
JO QBSU BU MFBTU BT B SFTQPOTF UP UIFTF PCKFDUJPOT ѮFNPWF UIBU BMMPXFE UIF FYQSFTTJWJTU
UP BWPJE UIF MJOHVJTUJD BOE MPHJDBM XPSSJFT SBJTFE CZ FNPUJWJTN XBT KVTU BMMPXJOH UIBU
OPSNBUJWF DMBJNT FYQSFTT B TQFDJêD OPOSFQSFTFOUBUJPOBM LJOE PG DPOUFOU *O FTTFODF
UIF NPWF UIBU *N BEWPDBUJOH NJSSPST UIF TIJѫ GSPN BSDIBJD UP DPOUFNQPSBSZ GPSNT PG
OPODPHOJUJWJTN ѮF DPNQPTJUJPOBM XPSSJFT SBJTFE CZ 4UBOMFZ BOE 8JMMJBNTPO DBO CF
NFU CZ HSBOUJOH UIBU LOPXIPX IBT B LJOE PG DPOUFOU ѮF OPOSFQSFTFOUBUJPOBM FMFNFOU
JO UIF BDDPVOU JT SFUBJOFE WJB UIF DMBJN UIBU UIJT DPOUFOU JT EJĒFSFOU GSPN UIF DPOUFOU PG
TUBOEBSE SFQSFTFOUBUJPOBM BUUJUVEFT MJLF CFMJFGT
ѮVT * BHSFF UIBU UIF BDDPVOU * IBWF QSPQPTFE JT JO TFWFSBM XBZT OPO3ZMFBO #VU
XIBU *N JOUFSFTUFE JO JT OPU WJOEJDBUJOH 3ZMF CVU SBUIFS EFWFMPQJOH B GPSN PG OPO
GBDUVBMJTN UIBU PWFSDPNFT UIF PCKFDUJPOT SBJTFE BHBJOTU 3ZMF XIJMF TUJMM SFUBJOJOH UIF
NBJO TQJSJU PG UIF QPTJUJPO *G *N SJHIU UIF IJTUPSZ PG UIF EFCBUF BCPVU OPODPHOJUJWJTN
UFBDIFT VT UIBU UIJT JT UIF XBZ UP HP
 ,OPXIPX SFQPSUT PVUMJOF PG B TFNBOUJDT
4UBUJOH B GVMM TFNBOUJDT GPS LOPXIPX SFQPSUT SFRVJSFT UPVDIJOH PO UFDIOJDBM JTTVFT
)FODF UIF UBTL JT CFTU MFѫ UP BO BQQFOEJY #VU IFSF * DBO ëBH JO PVUMJOF XIBU OFFET UP
DIBOHF JO TUBOEBSE BDDPVOUT BOE IPX ĦĩĩT DBO CF JNQMFNFOUFE JOUP UIF TFNBOUJDT
.Z TUBSUJOH QPJOU JT 3BKFTI #IBUUT TFNBOUJDT GPS JOêOJUJWBM RVFTUJPOT 	 

XIJDI JT UIF NPTU EFWFMPQFE FYJTUJOH XPSL PO UIF UPQJD 0O #IBUUT BDDPVOU BMM RVFT
UJPOT JO UIF JOêOJUJWBM NPPE 	TVDI BT XIPN UP JOWJUF UP UIF QBSUZ XIBU UP DPPL GPS EJO
OFS BOE IPX UP DPPL SJTPUUP
 JOWPMWF B TQFDJBM DPWFSU NPEBM XIJDI #IBUU SFQSFTFOUT BT
A◇%,→ ѮJT NPEBM JT B LJOE PG CPVMFUJD NPEBM SPVHIMZ JU DPODFSOT XIBU B TVCKFDU
TIPVME EP JO PSEFS UP BDIJFWF DFSUBJO HPBMT "U UIF TBNF UJNF EJĒFSFOUMZ GSPN OBUVSBM
MBOHVBHF TIPVME A◇%,→ IBT B DPOKVODUJWF NFBOJOH JOWPMWJOH CPUI FYJTUFOUJBM BOE VOJ
WFSTBM RVBOUJêDBUJPO ⌜◇%,→(Q)⌝ TBZT UIBU UIFSF BSF TPNF QXPSMET XIFSF UIF SFMFWBOU
HPBMT BSF TBUJTêFE BOE UIBU BMM UIF QXPSMET BSF XPSMET XIFSF UIF HPBMT BSF TBUJTêFE
ņņѮJT RVJDL TVNNBSZ PCWJPVTMZ DBOU EP KVTUJDF UP UIF DPNQMFYJUJFT PG 4UFWFOTPOT BSHVNFOU #VU NZ NBJO
GPDVT JT FMTFXIFSF BOE JU XJMM EP GPS DVSSFOU QVSQPTFT

8IZ UIJT EPVCMF NFDIBOJTN PG RVBOUJêDBUJPO /PUJDF UIBU LOPXMFEHF SFQPSUT JO
WPMWJOH JOêOJUJWBM RVFTUJPOT DBO CF QBSBQISBTFE JO EJĒFSFOU XBZT JO EJĒFSFOU DPOUFYUT
$POTJEFS 	

	
 4BN LOPXT XIBU UP UFMM IJT GSJFOET UP NBLF UIFN IBQQZ
%FQFOEJOH PO DPOUFYU UIF NPTU BQQSPQSJBUF QBSBQISBTF GPS 	
 XJMM CF 	
 PS 	

	
 4BN LOPXT XIBU IF DBO UFMM IJT GSJFOET UP NBLF UIFN IBQQZ
	
 4BN LOPXT XIBU IF TIPVME UFMM IJT GSJFOET UP NBLF UIFN IBQQZ
	
 UIF TPDBMMFE ANFOUJPOTPNF SFBEJOH JOWPMWFT BO FYJTUFOUJBM NPEBM XJUI DJSDVN
TUBOUJBM ëBWPS 	DBQUVSJOH XIBU DBO IBQQFO JO WJFX PG UIF GBDUT
 	
 UIF TPDBMMFE
ANFOUJPOBMM SFBEJOH JOWPMWFT B VOJWFSTBM NPEBM XJUI CPVMFUJD ëBWPS 	DBQUVSJOH XIBU
POF TIPVME EP JO WJFX PG DFSUBJO HPBMT POF XBOUT UP BDIJFWF
 #IBUUT BDIJFWFNFOU DPO
TJTUT JO EFSJWJOH CPUI SFBEJOHT GSPN POMZ POF NFBOJOH GPS UIF NPEBM 	QMVT TPNF BT
TVNQUJPOT XIJDI XJMM WBSZ XJUI DPOUFYU
 5P EP UIJT IF CVJMET CPUI RVBOUJêFST JO UIF
NFBOJOH PG A◇%,→ *O B TMPHBO A◇%,→ DBO CF QBSBQISBTFE EFQFOEJOH PO UIF DJSDVN
TUBODFT BT B DBO PS BT B TIPVME CFDBVTF JUT NFBOJOH KVTU JT UIF DPOKVODUJPO PG B DBO BOE B
TIPVME 	'PS UIF FYBDU XBZ JO XIJDI UIF NPEBM HJWFT SJTF UP UIF UXP SFBEJOHT UIF SFBEFS
JT SFGFSSFE UP #IBUUT PSJHJOBM EJTDVTTJPO

+VTU UIF NFBOJOH PG A◇%,→ JT UIF OBUVSBM QPJOU PG JOUFSWFOUJPO UP PQFSBUF UIF TXJUDI
UP B OPOGBDUVBMJTU TFNBOUJDT *O QBSUJDVMBS * NPEJGZ UIF VOJWFSTBM RVBOUJêDBUJPO FMF
NFOU 3BUIFS UIBO VOJWFSTBMMZ RVBOUJGZJOH PWFS XPSMET UIF NPEBM A◇%,→ OPX RVBOUJ
êFT VOJWFSTBMMZ PWFS UIF DPVSTFT PG BDUJPO UIBU BSF AMJTUFE XJUIJO ĦĩĩT
-FU NF OPX JOUSPEVDF TPNF CBTJD BTTVNQUJPOT BCPVU FNCFEEFE RVFTUJPOT 0O
TUBOEBSE TFNBOUJDT GPS LOPXMFEHF SFQPSUT JOWPMWJOH RVFTUJPOT UIFTF SFQPSUT TUBUF UIBU
UIF TVCKFDU IBT LOPXMFEHF PG 	TPNF PS BMM PG
 UIF USVF BOTXFST UP UIF RVFTUJPO 4JNJMBSMZ
PO UIF WJFX * TVHHFTU B SFQPSU PG UIF GPSN 4 LOPXT IPX UP φ TUBUFT UIBU 4 IBT LOPXMFEHF
PG TPNF PG UIF BOTXFST UIBU MFBE UP TVDDFTTGVM DPNQMFUJPO PG UIF SFMFWBOU UBTLT BT TQFMMFE
PVU JO TFDUJPO 
/PX UBLF NZ SVOOJOH FYBNQMF 	
 4VQQPTF GPS TJNQMJDJUZ UIBU UIFSF BSF UISFF
SFMFWBOU XBZT UP NBLF SJTPUUP BOE POMZ POF 	MBCFM JU A8BZ 
 JT DPOEVDJWF UP 4BNT HPBM
PG NBLJOH HPPE RVBMJUZ SJTPUUP ѮF USVUI DPOEJUJPOT XF HFU GPS 	
 JO DPNCJOBUJPO XJUI
#IBUUT PSJHJOBM TFNBOUJDT GPS UIF NPEBM A◇%,→ BSF 	SPVHIMZ

	
 JT USVF JĒ GPS BMM XPSMET X′ DPNQBUJCMF XJUI 4BNT LOPXMFEHF 	B
 UIFSF
JT TPNF XPSME SFMFWBOUMZ TJNJMBS UP X′ XIFSF 4BN NBLFT HPPE SJTPUUP CZ
DPPLJOH SJTPUUP JO8BZ  BOE 	C
 JO BMM XPSMET SFMFWBOUMZ TJNJMBS UPX′ XIFSF
4BN DPPLT SJTPUUP JO 8BZ  IF DPPLT HPPE SJTPUUPņŇ
ņŇѮF OPUJPO PG B ASFMFWBOUMZ TJNJMBS XPSME JT TVQQPTFE UP DBQUVSF UIF ëBWPS PG TPDBMMFE DJSDVNTUBOUJBM

#Z DPOUSBTU UIF USVUI DPOEJUJPOT XF HFU PO UIF OPOGBDUVBMJTU TFNBOUJDT BSF 	BHBJO XJUI
TPNF BQQSPYJNBUJPO

	
 JT USVF JĒ GPS BMM XPSMEĦĩĩ QBJST ⟨X′,N′⟩ DPNQBUJCMF XJUI 4BNT LOPXM
FEHF 	B
 UIFSF JT TPNF XPSME SFMFWBOUMZ TJNJMBS UP X′ XIFSF 4BN NBLFT
HPPE SJTPUUP CZ DPPLJOH SJTPUUP JO 8BZ  BOE 	C
 BMM DPVSTFT PG BDUJPO JO N′
UIBU JOWPMWF DPPLJOH SJTPUUP JO 8BZ  BSF DPOEVDJWF UP NBLJOH HPPE SJTPUUP
BDDPSEJOH UP N′
ѮF TFDPOE DMBVTF PCWJPVTMZ JT XIFSF UIF EJĒFSFODF MJFT ѮF SFBEFS JT JOWJUFE UP DPOTVMU
UIF BQQFOEJY GPS B NPSF QSFDJTF TUBUFNFOU PG UIF USVUI DPOEJUJPOT BT XFMM BT GPS BO
FYQMBOBUJPO PG IPX UIFTF USVUI DPOEJUJPOT BSF EFSJWFE DPNQPTJUJPOBMMZ
 $PODMVTJPO
ѮF MJOF EFGFOEFE CZ 4UBOMFZ BOE8JMMJBNTPOIBT QSPWFE WFSZ JOëVFOUJBM JO UIF MJUFSBUVSF
PO LOPXIPX BOE SJHIUMZ TP 4UBOMFZ BOE 8JMMJBNTPO QPJOU PVU BO JNQPSUBOU ëBX JO
DMBTTJDBM WFSTJPOT PG OPOGBDUVBMJTN BOE UIFZ TFU B OFX TUBOEBSE UIBU B UIFPSZ PG LOPX
IPX TIPVME NFFU #VU UIFZ BSF UPP RVJDL JO JOGFSSJOH GSPN UIJT UIF USVUI PG GBDUVBMJTN
8F IBWF UIF TFNBOUJD SFTPVSDFT UP HJWF B TPMJE BDDPVOU PG LOPXIPX UIBU JT BCMF UP
SFDPODJMF TUBOEBSE TFNBOUJD WJFXT XJUI UIF DMBJN UIBU LOPXJOH IPX UP EP TPNFUIJOH
EPFTOU DPOTJTU JO LOPXJOH B GBDU .PSFPWFS UIFTF TFNBOUJD SFTPVSDFT EPWFUBJM XJUI
B QMBVTJCMF WJFX PG UIF DPOUFOU PG TUBUFT PG LOPXIPX JO QIJMPTPQIZ PG NJOE ,OPX
IPX JT B GPSXBSE MPPLJOH TUBUF XIPTF DFOUSBM GVODUJPOBM SPMF JT HVJEJOH CFIBWJPS BOE
QFSGPSNBODF PG UBTLT
NPEBMJUZ ѮJT JT UIF NPEBMJUZ JO QMBZ JO TUBUFNFOUT MJLF
	
 )ZESBOHFBT DBO HSPX BSPVOE IFSF
0ODF NPSF UIF SFBEFS JT SFGFSSFE UP UIF BQQFOEJY BT XFMM BT UP #IBUUT EJTDVTTJPO GPS NPSF EFUBJMT

"QQFOEJY OPOGBDUVBMJTU TFNBOUJDT GPS LOPXIPX SFQPSUT
5P TUBSU XJUI B XPSE PG XBSOJOH ѮF TFNBOUJDT PG LOPXIPX SFQPSUT MJFT BU UIF JO
UFSTFDUJPO PG B OVNCFS PG DPNQMFY JTTVFT UIF TFNBOUJDT PG RVFTUJPOT UIF TFNBOUJDT PG
JOêOJUJWBM DMBVTFT BOE UIF TFNBOUJDT PG DPWFSU NPEBMJUZ 8IJMF TPNF JNQPSUBOU HSPVOE
PO UIJT UPQJD IBT CFFO DPWFSFE NVDI SFNBJOT UP CF EPOF )FODF JUT VOMJLFMZ UIBU UIF
BDDPVOU *N BCPVU UP TVHHFTU XJMM CF EFêOJUJWF ѮF GPMMPXJOH IBT NBJOMZ UIF QVSQPTF PG
TIPXJOH IPX XF DBO NPWF UP B OPOGBDUVBMJTU GSBNFXPSL TUBSUJOH GSPN B GVMMZ TUBOEBSE
GBDUVBMJTU TFNBOUJDT
Ģ #IBUU TFNBOUJDT GPS JOêOJUJWBM RVFTUJPOT
*U JT CSPBEMZ BDLOPXMFEHFE UIBU BMM FNCFEEFE RVFTUJPOT JO UIF JOêOJUJWBMNPPE JOWPMWF B
LJOE PG DPWFSU NPEBMJUZņň ѮF FBTJFTU XBZ UP TFF UIJT JT UP DPOTJEFS JOUVJUJWF QBSBQISBTFT
PG BUUJUVEF BTDSJQUJPOT JOWPMWJOH JOêOJUJWBM RVFTUJPOT
	
 4BN LOPXT XIPN UP UBML UP BCPVU DPPLJOH
	
 4BN LOPXT XIPN IFPOF TIPVME UBML UP BCPVU DPPLJOH
	
 4BN LOPXT XIBU UP QVU JO WFHFUBCMF TUPDL
	
 4BN LOPXT XIBU IFPOF TIPVME QVU JO WFHFUBCMF TUPDL
	
 4BN LOPXT XIFSF UP êOE IJHIRVBMJUZ BSCPSJP SJDF
	
 4BN LOPXT XIFSF IFPOF DBO êOE IJHIRVBMJUZ BSCPSJP SJDF
/PUJDF UIBU EJĒFSFOU FNCFEEFE RVFTUJPOT BSF CFTU QBSBQISBTFE XJUI EJĒFSFOU LJOET PG
PWFSU NPEBMT *O TPNF DBTFT 	GPS FYBNQMF 	
 BOE 	

 B OFDFTTJUZ NPEBM JT NPTU
BQQSPQSJBUF ѮJT NPEBM IBT B CPVMFUJD ëBWPS JU DPODFSOT XIBU B TVCKFDU JT SFRVJSFE UP
EP HJWFO DFSUBJO HPBMT *O PUIFS DBTFT 	GPS FYBNQMF 	

 B QPTTJCJMJUZ NPEBM JT NPTU
BQQSPQSJBUF ѮJT NPEBM IBT B DJSDVNTUBOUJBM ëBWPS JOEJDBUJOH XIBU DBO CF UIF DBTF
HJWFO DFSUBJO GBDUT BCPVU UIF XPSME
,OPXIPX SFQPSUT GPMMPX UIJT QBUUFSO .PTU PG UIFNBSFNPTU OBUVSBMMZ QBSBQISBTFE
XJUI DBO
	
 4BN LOPXT IPX UP SJEF B CJLF
	
 4BN LOPXT IPX IFPOF DBO SJEF B CJLF
ņň*O MJOF XJUI DVSSFOU TZOUBDUJD MJUFSBUVSF 	BOE JO QBSUJDVMBS XJUI UIF BOBMZTJT JO #IBUU 
 * BTTVNF UIBU
UIF NPEBM JT SFBMJ[FE BT B DPWFSU FMFNFOU QSFTFOU JO UIF TZOUBDUJD TUSVDUVSF PG UIF TFOUFODF 	JO QBSUJDVMBS
BT UIF DPNQMFNFOUJ[FS $÷

	J
 4BNø LOPXT IPXJ <$÷ 130ø UP DPPL SJTPUUP UJ>

4PNF PUIFS POFT DBMM GPS B TIPVMEQBSBQISBTF FTQFDJBMMZ JO DFSUBJO DPOUFYUT 4VQQPTF
UIBU XFSF EJTDVTTJOH NFUIPET GPS DPPLJOH SJTPUUP BOE UIBU *N QPJOUJOH PVU UIBU QFS
GPSNJOH DFSUBJO PQFSBUJPOT JT DSVDJBM GPS B HPPE PVUDPNF *O UIJT DPOUFYU JU TFFNT BQ
QSPQSJBUF UP QBSBQISBTF 	
 XJUI 	

	
 4BN LOPXT IPX UP DPPL SJTPUUP
	
 4BN LOPXT IPX IFPOF TIPVME DPPL SJTPUUP
*UT EFTJSBCMF UP IBWF BO BOBMZTJT PG LOPXIPX SFQPSUT UIBU BDDPNNPEBUFT CPUI UIF OF
DFTTJUZ BOE UIF QPTTJCJMJUZ SFBEJOHT .Z TUSBUFHZ XJMM CF UIJT * XJMM VTF BTNZ CFODINBSL
UIFPSZ UIF BDDPVOU PG JOêOJUJWBMNPEBMT EFWFMPQFE CZ3BKFTI #IBUU 	 BOE 
 BOE
TIPX IPX UIJT BDDPVOU DBO CF UVSOFE WJB NJOJNBM UXFBLT JOUP B OPOGBDUVBMJTU BDDPVOU
#IBUUT BDDPVOU TVDDFFET JO QSFEJDUJOH UIF GVMM SBOHF PG EBUB XIJMF NBOBHJOH UP BTTVNF
B VOJUBSZ NFBOJOH GPS UIF NPEBM QSFTFOU JO JOêOJUJWBM RVFTUJPOT ѮF OPOGBDUVBMJTU QSP
QPTBM * XJMM EFWFMPQ XJMM JOIFSJU UIJT GFBUVSF #IBUUT TFNBOUJDT JT B OBUVSBM DIPJDF BMTP GPS
NPSF HFOFSBM SFBTPOT "U UIF DVSSFOU TUBUF PG QMBZ JU TFFNT UIF CFTU BOENPTU EFWFMPQFE
BDDPVOU PG UIF TFNBOUJDT PG JOêOJUJWBM RVFTUJPOņŉ
#IBUUT DFOUSBM JEFB JT UIBU BMM JOêOJUJWBM RVFTUJPOT JOWPMWF B TQFDJBM DPWFSU NPEBM
XIJDI IF SFQSFTFOUT BT A◇%,→ ѮF NFBOJOH PG UIJT NPEBM PO B QBS XJUI TUBOEBSE
CPVMFUJD NPEBMT FYQMPJUT SFGFSFODF UP UXP TFUT PG XPSMET #PUI PG UIFN BSF EFUFSNJOFE
BT B GVODUJPO PG BO JOQVU XPSMEX ѮF êSTU JT B B TFU PG XPSMET UIBU BSF SFMFWBOUMZ TJNJMBS
UPX 'PMMPXJOH #IBUU * SFGFS UP UIJT TFU WJB UIF TIPSUIBOE A3FM	X
 ѮF TFDPOE JT B TFU PG
XPSMETXIFSF DFSUBJO SFMFWBOU HPBMT UIBU UIF TVCKFDU IBT JOX BSF SFBMJ[FE GPMMPXJOH#IBUU
BHBJO * XJMM SFGFS UP JU WJB A(PBM	X
 ѮJT TFU XJMM BMXBZT CF B TVCTFU PG 3FM	X
 3FM	X

BOE (PBM	X
 SPVHIMZ DPJODJEF SFTQFDUJWFMZ XJUI XIBU BSF PѫFO DBMMFE UIF NPEBM CBTF
BOE UIF PSEFSJOH TPVSDF JO UIF UFSNJOPMPHZ UIBU JT TUBOEBSE GSPN UIF XPSL PG ,SBU[FS
	 

/PX UIBU XF BSF FRVJQQFE XJUI UIJT UFSNJOPMPHZ * DBO TUBUF UIF NFBOJOH PG BO BS
CJUSBSZ DMBVTF PG UIF GPSN ⌜◇%,→ (Q)⌝ 	XIFSF AQ TUBOET GPS BO JOêOJUJWBM DMBVTF UIBU
QJDLT PVU B QSPQPTJUJPO
 ѮJT NFBOJOH JT DPOKVODUJWF BOE JU JOWPMWFT CPUI FYJTUFOUJBM
BOE VOJWFSTBM RVBOUJêDBUJPO PWFS XPSMET
J◇%,→ (Q)KX JT USVF JĒ CPUI PG UIF GPMMPXJOH DPOEJUJPOT PCUBJO
○ UIFSF JT B XPSME X′ TVDI UIBU X′ ∈ Q BOE X′ ∈ (PBM(X)
○ GPS BMM XPSMET X′ JO 3FM(X)XIFSF Q JT USVF 	JF BMM XPSMET X′ TVDI UIBU
X′ ∈ Q
 Q CSJOHT JU BCPVU UIBU UIF SFMFWBOU HPBMT BSF TBUJTêFE JO X′
	JF UIBU X′ ∈ (PBM(X)

ņŉ-FU NF FNQIBTJ[F UIBU OPUIJOH JO NZ HFOFSBM BDDPVOU SFMJFT PO FYQMPJUJOH #IBUUT TFNBOUJDT ѮF OPOGBD
UVBMJTU TUSBUFHZ NBZ CF QVSTVFE JO B OVNCFS PG EJĒFSFOU XBZT *OEFFE JG NZ HFOFSBM MJOF PG BSHVNFOU JO
UIJT QBQFS JT DPSSFDU WJSUVBMMZ BOZ GBDUVBMJTU BDDPVOU NBZ CF UVSOFE JOUP B OPOGBDUVBMJTU POF

*UT VTFGVM UP HJWF BO JOUVJUJWF HMPTT
⌜◇%,→ (Q)⌝NFBOT 	B
 UIBU Q JT QPTTJCMF BOE 	C
 UIBU Q JOWBSJBCMZ CSJOHT JU
BCPVU UIBU B TFU PG SFMFWBOU HPBMT BSF TBUJTêFE
'JOBMMZ KVTU GPS SFGFSFODF IFSF JT B TUBUFNFOU PG UIF MFYJDBM FOUSZ GPS A◇%,→
J◇%,→KX  λQ ∃X′[X′ ∈ (PBM(X) BOE Q(X′)]
BOE ∀X′[[X′ ∈ 3FM(X) BOE Q(X′)]→ X′ ∈ (PBM(X)]
ѮF EPVCMF RVBOUJêDBUJPO JO UIF NFBOJOH PG ⌜◇%,→ (Q)⌝ JT FYBDUMZ XIBU NBLFT UIF
DBTF UIBU JOêOJUJWBM RVFTUJPOT BSF TPNFUJNFT IFBSE BT JOWPMWJOH B QPTTJCJMJUZ NPEBM BOE
TPNFUJNFT IFBSE BT JOWPMWJOH B OFDFTTJUZ NPEBM * TLJSU PWFS UIF FYBDU NFDIBOJDT UIBU
EFUFSNJOF POF PG UIF UXP SFBEJOHT UIF SFBEFS JT SFGFSSFE UP #IBUU 	 QBHFT m

GPS B GVMM BDDPVOU
*UT BMTP VTFGVM UP HP UISPVHI B DPVQMF PG FYBNQMFT $POTJEFS êSTU
	
 4BN LOPXT XIPN UP UBML UP BCPVU DPPLJOH
*O PSEFS UP JOUFSQSFU 	
 XF OFFE UP êY B TFU PG HPBMT UIBU 4BN IBT BOE UIBU BSF SFMFWBOU
JO UIF DPOUFYU "TTVNF UIBU UIF POMZ SFMFWBOU HPBM GPS 4BN JT JNQSPWJOH IJT DPPLJOH
TLJMMT "MTP TVQQPTF UIBU UIFSF BSF UISFF SFMFWBOU QFPQMF JO UIF EPNBJO PG EJTDPVSTF
1BCMP +BOF BOE.BY 5BMLJOH UP 1BCMP BOE +BOFXPVME CF DPOEVDJWF UP BO JNQSPWFNFOU
JO 4BNT DPPLJOH TLJMMT CVU OPU UBMLJOH UP .BY
"T B OFYU TUFQ XF OFFE B TFNBOUJDT GPS RVFTUJPOT * DIPPTF ,BSUUVOFO TFNBOUJDT
	
 PO XIJDI BO FNCFEEFE RVFTUJPO EFOPUFT B TFU PG USVF QSPQPTJUJPOTJOUVJUJWFMZ
UIF TFU PG JUT USVF BOTXFST ѮF EFOPUBUJPO PG UIF DMBVTF XIPN UP UBML UP BCPVU DPPLJOH
UIFO JT 	TPNFXIBU TJNQMJGZJOH
 B TFU PG UXP QSPQPTJUJPOTņŊ
JXIPNø <◇%,→ <130 UP UBML UP Uø BCPVU DPPLJOH>>KX 
{Q Q(X) = ø BOE
<Q  λX′◇%,→ 	Y UBMLT UP 1BCMP BCPVU DPPLJOH
 JO X′ PS
Q  λX′◇%,→ 	Y UBMLT UP +BOF BCPVU DPPLJOH
 JO X′ PS
Q  λX′◇%,→ 	Y UBMLT UP .BY BCPVU DPPLJOH
 JO X′>} 
{λX′◇%,→ 	Y UBMLT UP 1BCMP BCPVU DPPLJOH
 JO X′
λX′◇%,→ 	Y UBMLT UP +BOF BCPVU DPPLJOH
 JO X′}
ņŊ'PS TJNQMJDJUZ *N USFBUJOH UIF QSPOPVO 130 BT BO PSEJOBSZ WBSJBCMF BOE *N OPU SFQSFTFOUJOH FYQMJDJUMZ
BTTJHONFOUT JO UIF TFNBOUJDT 'PS B QSPQFS TFNBOUJDT GPS 130 TFF $IJFSDIJB  "MTP *N KVTU BTTVNJOH
UIBU FNCFEEFE XIRVFTUJPOT MJLF XIP UP UBML UP BCPVU DPPLJOH XJMM NBLF BWBJMBCMF B TFU PG QSPQPTJUJPOT BU
UIF SJHIU QPJOU JO UIF USFF 4JODF *N VTJOH BO JOUFOTJPOBM TZTUFN QSFTVNBCMZ UIJT XJMM SFRVJSF TPNF SVMF
JO UIF TUZMF PG UIF *OUFOTJPOBM 'VODUJPOBM "QQMJDBUJPO SVMF TUBUFE CZ )FJN  ,SBU[FS  )FSF *N OPU
XPSSZJOH BCPVU XPSLJOH PVU UIF EFUBJMT PG UIF TFNBOUJDT JO B QSFDJTF XBZ 8IBU * XBOU UP EP JT KVTU UP
JMMVTUSBUF UIF NBJO DIBOHFT JOWPMWFE JO HPJOH OPOGBDUVBMJTU

0O ,BSUUVOFO TFNBOUJDT GPS RVFTUJPOT B LOPXMFEHF SFQPSU JOWPMWJOH BO FNCFEEFE JO
êOJUJWBM RVFTUJPO KVTU NFBOT UIBU UIF TVCKFDU LOPXT BU MFBTU POF PG UIF QSPQPTJUJPOT JO
UIF TFUņŋ ѮF DPSSFTQPOEJOH MFYJDBM FOUSZ GPS LOPX JT
JLOPXKX  λY λ4 ∃Q ∈ 4 TVDI UIBU GPS BMM X′ DPNQBUJCMF XJUI YT LOPXM
FEHF JO X X′ ∈ Q
*O PVS DBTF 	
 JT QSFEJDUFE UP NFBO UIBU UIF TVCKFDU LOPXT POF PG UIF QSPQPTJUJPOT JO
{λX′◇%,→ 	Y UBMLT UP 1BCMP BCPVU DPPLJOH
 JO X′
λX′◇%,→ 	Y UBMLT UP +BOF BCPVU DPPLJOH
 JO X′}
*UT JOTUSVDUJWF UP HP UISPVHI B TJNQMJêFE WFSTJPO PG UIF DPNQPTJUJPOBM EFSJWBUJPO 'PS
TJNQMJDJUZ IFSF * VTF UIF NPEBM A◇%,→ BMTP JO UIF NFUBMBOHVBHF * VOQBDL UIF NFBOJOH
PG UIF NPEBM 	UIVT HJWJOH UIF GVMMCMPXO USVUI DPOEJUJPOT
 CFMPX
J4BN LOPXT XIP UP UBML UP BCPVU DPPLJOHKX 
<λ4 ∃Q ∈ 4 TVDI UIBU GPS BMM XPSMETX′ DPNQBUJCMF XJUI 4BNT LOPXMFEHF JO
X Q(X′) = ø>	JXIP UP UBML UP BCPVU DPPLJOHKX
 
<λ4 ∃Q ∈ 4 TVDI UIBU GPS BMM XPSMET X′ DPNQBUJCMF XJUI 4BNT LOPXM
FEHF JO X Q(X′) = ø>	{λX′ ◇%,→ 	Y UBMLT UP 1BCMP BCPVU DPPLJOH
 JO X′
λX′◇%,→ 	Y UBMLT UP +BOF BCPVU DPPLJOH
 JO X′}
 
∃Q ∈ {λX′◇%,→ 	4BN UBMLT UP 1BCMP BCPVU DPPLJOH
 JOX′ λX′◇%,→ 	4BN
UBMLT UP +BOF BCPVU DPPLJOH
 JO X′} TVDI UIBU GPS BMM XPSMET X′ DPNQBUJCMF
XJUI 4BNT LOPXMFEHF JO X Q(X′) = ø
(JWFO #IBUU TFNBOUJDT GPS◇%,→ 	
 HFUT UIF GPMMPXJOH USVUI DPOEJUJPOT
J	
KX JT USVF JĒ GPS BMM X′ DPNQBUJCMF XJUI XIBU 4BN LOPXT JO X FJUIFS
○ UIFSF JT B XPSME X′′ TVDI UIBU 4BN UBMLT UP 1BCMP BCPVU DPPLJOH JO X′′
BOE 4BNT HPBMT JOX′ BSF TBUJTêFE JOX′′	JF 4BN JNQSPWFT IJT DPPLJOH
TLJMMT JO X′′

○ GPS BMM XPSMET X′′ UIBU BSF SFMFWBOUMZ TJNJMBS UP X′ BOE JO XIJDI 4BN
UBMLT UP 1BCMP BCPVU DPPLJOH 4BNT UBMLJOH UP 1BCMP BCPVU DPPLJOH
CSJOHT JU BCPVU UIBU 4BNT HPBMT JO X′ BSF TBUJTêFE JO X′′ 	JF UIBU 4BN
JNQSPWFT IJT DPPLJOH TLJMMT JO X′′

ņŋѮJT JT B TJNQMJêDBUJPO *O HFOFSBM ,BSUUVOFOT TFNBOUJDT SFRVJSFT UIBU UIF TVCKFDU LOPXT BMM UIF USVF BO
TXFST JO UIF TFU 	UIJT JT UIF TPDBMMFE AXFBL FYIBVTUJWJUZ SFRVJSFNFOU
 CVU KVTU UIJT SFRVJSFNFOU JT BCTFOU
GPS UIF DBTF PG JOêOJUJWBM RVFTUJPOT 5P NZ LOPXMFEHF XF EPOU IBWF BO BDDPVOU ZFU PG XIBU QSPEVDFT UIF
GBJMVSF PG XFBL FYIBVTUJWJUZ JO UIFTF DBTFT )FSF * MJNJU NZTFMG UP BTTVNJOH UIBU UIJT GBJMVSF IBQQFOT BOE
UIBU UIJT JT QBSU PG UIF NFBOJOH PG UIF WFSC

PS
○ UIFSF JT B XPSME X′′ TVDI UIBU 4BN UBMLT UP +BOF BCPVU DPPLJOH JO X′′
BOE 4BNT HPBMT JOX′ BSF TBUJTêFE JOX′′	JF 4BN JNQSPWFT IJT DPPLJOH
TLJMMT JO X′′

○ GPS BMM XPSMET X′′ UIBU BSF SFMFWBOUMZ TJNJMBS UP X′ BOE JO XIJDI 4BN
UBMLT UP +BOF BCPVU DPPLJOH 4BNT UBMLJOH UP +BOF BCPVU DPPLJOH CSJOHT
JU BCPVU UIBU 4BNT HPBMT JO X′ BSF TBUJTêFE JO X′′ 	JF UIBU 4BN JN
QSPWFT IJT DPPLJOH TLJMMT JO X′′

.PSF TJNQMZ GPMMPXJOH UIF JOUVJUJWF HMPTT 	
 JT USVF JĒ +PIO LOPXT POF PG UIF GPMMPX
JOH 	B
 JUT QPTTJCMF UIBU IF UBMLT UP 1BCMP BCPVU DPPLJOH BOE UIBU UBMLJOH UP 1BCMP BCPVU
DPPLJOH JOWBSJBCMZ CSJOHT JU BCPVU UIBU IJT DPPLJOH TLJMMT BSF JNQSPWFE 	C
 JUT QPTTJCMF
UIBU IF UBMLT UP +BOF BCPVU DPPLJOH BOE UIBU UBMLJOH UP +BOF BCPVU DPPLJOH JOWBSJBCMZ
CSJOHT JU BCPVU UIBU IJT DPPLJOH TLJMMT BSF JNQSPWFE
4JODF UIF USVUI DPOEJUJPOT XF HFU BSF QSFUUZ DPNQMFY GSPN OPX PO *MM KVTU DPOTJEFS
FYBNQMFT XIFSF UIF SFMFWBOU XIDPNQMFNFOU EFOPUFT B TJOHMFUPOJF FYBNQMFT XIFSF
UIF SFMFWBOU RVFTUJPO IBT POMZ POF USVF BOTXFS ѮJT XJMM TJNQMJGZ UIJOHT BOE BMMPX VT UP
GPDVT PO UIF LFZ JOOPWBUJPO PG #IBUU TFNBOUJDT JF UIF TFNBOUJDT PG UIF NPEBM◇%,→
5BLF UIFO PVS SVOOJOH FYBNQMF PG B LOPXIPX SFQPSU
	
 4BN LOPXT IPX UP DPPL SJTPUUP
5P êY B DPOUFYU TVQQPTF UIBU 4BN IBT POF SFMFWBOU HPBM NBLJOH HPPE SJTPUUP 5P TJN
QMJGZ TVQQPTF BMTP UIBU UIFSF BSF UISFF SFMFWBOU XBZT 8BZ  8BZ  BOE 8BZ  BOE
UIBU 8BZ  JT UIF POMZ POF DPOEVDJWF UP NBLJOH HPPE SJTPUUP ѮF EFOPUBUJPO PG UIF
DPNQMFNFOU DMBVTF JO 	
 JT UIFO
JIPX UP DPPL SJTPUUPKX  {λX′◇%,→ 	Y DPPLT SJTPUUP JO 8BZ 
 JO X′}
ѮF USVUI DPOEJUJPOT BTTJHOFE UP 	
 CZ ,BSUUVOFO TFNBOUJDT GPS RVFTUJPOT DPNCJOFE
XJUI UIF #IBUU NBDIJOFSZ BSF UIF GPMMPXJOH
J	
KX JT USVF JĒ GPS BMM X′ DPNQBUJCMF XJUI XIBU 4BN LOPXT JO X
○ UIFSF JT B XPSME X′′ TVDI UIBU 4BN DPPLT SJTPUUP JO 8BZ  JO X′′ BOE
4BNT HPBMT JO X′ BSF TBUJTêFE JO X′′ 	JF 4BN NBLFT HPPE SJTPUUP JO
X′′

○ GPS BMM XPSMET X′′ UIBU BSF SFMFWBOUMZ TJNJMBS UP X′ BOE JO XIJDI 4BN
DPPLT SJTPUUP JO8BZ  4BNT DPPLJOH SJTPUUP JO8BZ  CSJOHT JU BCPVU
UIBU 4BNT HPBMT JO X′ BSF TBUJTêFE JO X′′ 	JF UIBU 4BN NBLFT HPPE
SJTPUUP JO X′′


.PSF TJNQMZ 	
 JT USVF KVTU JO DBTF 4BN LOPXT UIBU DPPLJOH SJTPUUP JO8BZ  JT QPTTJCMF
BOE UIBU DPPLJOH SJTPUUP JO8BZ  JOWBSJBCMZ CSJOHT JU BCPVU UIBU IF NBLFT HPPE SJTPUUP
ĢĢ (PJOH OPOGBDUVBMJTU
#IBUUT BDDPVOU IBT GBDUVBMJTU BTTVNQUJPOT JO UIF CBDLHSPVOE *O MJOF XJUI TUBOEBSE
BDDPVOUT PG FNCFEEFE RVFTUJPOT UIF LOPXMFEHF BTDSJCFE CZ B LOPXIPX SFQPSU JT BT
TVNFE UP CF LOPXMFEHF PG B QSPQPTJUJPO #VU UIJT BTTVNQUJPO DBO CF SFQMBDFE 8F DBO
TXBQ JU GPS B OPOGBDUVBMJTU BTTVNQUJPO XJUI POMZ NJOJNBM BEKVTUNFOUT #FMPX * XJMM
EFNPOTUSBUF IPX UP HFU B OPOGBDUVBMJTU TFNBOUJDT GPS BMM LOPXMFEHF SFQPSUT JOWPMWJOH
JOêOJUJWBM FNCFEEFE RVFTUJPOT *N HPJOH UP CSJFëZ EJTDVTT JO UIF OFYU TFDUJPO XIFUIFS
BOE UP XIBU FYUFOU UIJT BQQSPBDI TIPVME CF SFTUSJDUFE UP LOPXIPX SFQPSUT
"T * IJHIMJHIUFE JO TFDUJPO  POF êSTU LFZ OPOGBDUVBMJTU NBOFVWFS JT B TXJUDI JO
UIF CBTJD BUPNT PG QPTTJCMF XPSMET TFNBOUJDT #IBUU TJNQMZ BTTVNFT UIBU LOPX BOE
PUIFS BUUJUVEF WFSCT UBLJOH JOêOJUJWBM FNCFEEFE RVFTUJPOT BT DPNQMFNFOUT RVBOUJGZ
PWFS XPSMET * UBLF UIFN SBUIFS UP RVBOUJGZ PWFS QBJST PG B XPSME BOE BO Ħĩĩ "T B SF
TVMU FYBDUMZ BT JU IBQQFOT JO (JCCBSET TFNBOUJDT GPS OPSNBUJWF MBOHVBHF B LOPXIPX
SFQPSU NBZ BTDSJCF LOPXMFEHF PG B QMBO SBUIFS UIBO PG B QSPQPTJUJPOŇŅ )FSF JT UIF OFX
TFNBOUJDT GPS LOPX
JLOPXKX,N  λY λ4 ∃Q ∈ 4 TVDI UIBU GPS BMM ⟨X′,N′⟩ DPNQBUJCMF XJUI YT
LOPXMFEHF JO X ⟨X′,N′⟩ ∈ Q
/PUJDF UIBU UIF WBSJBCMF AN JT OPU NFOUJPOFE PO UIF SJHIUIBOE TJEF ѮJT TIPXT UIBU
UIF EFOPUBUJPO PG LOPX JT OPU TFOTJUJWF UP UIF QBSBNFUFS USBDLJOH ĦĩĩT ѮJT JT BT JU
TIPVME CF JU JT B GBDUVBM NBUUFS XIBU QSPQPTJUJPOBM LOPXMFEHF PS LOPXIPX B TVCKFDU
IBT "U UIF TBNF UJNF LOPX XJMM TIJѫ UIF Ħĩĩ QBSBNFUFS BU XIJDI JUT DPNQMFNFOU HFUT
FWBMVBUFE "T XF XJMM TFF JO B NJOVUF UIF Ħĩĩ QBSBNFUFS UIFSF JT OPU HPJOH UP CF JEMF
"T * NFOUJPOFE JO TFDUJPO  UIF OPUJPO PG BO Ħĩĩ CFJOH DPNQBUJCMF XJUI B TVCKFDUT
LOPXMFEHF XJMM CF FYQMJDBUFE JO UFSNT PG UIF OPUJPO PG BO Ħĩĩ CFJOH DPNQBUJCMF XJUI
B TVCKFDUT QMBO XIJDI JT UIF QSJNJUJWF PG UIF UIFPSZ "T GPS UIF OPUJPO PG B XPSMEĦĩĩ
QBJS CFJOH DPNQBUJCMF XJUI B TVCKFDUT LOPXMFEHF * VOEFSTUBOE JU JO UIF PCWJPVT XBZ
BT UIF XPSME BOE UIF Ħĩĩ CFJOH CPUI DPNQBUJCMF XJUI XIBU UIF TVCKFDU LOPXT
ѮF TFDPOE NBKPS DIBOHF DPODFSOT UIF DPWFSU NPEBMJUZ JOWFTUJHBUFE CZ #IBUU 0O
#IBUU TFNBOUJDT UIF DPWFSU NPEBM UPPL BT JOQVU LOPXMFEHFXPSMETJF XPSMET DPN
QBUJCMF XJUI UIF TVCKFDUT LOPXMFEHFBOE VTFE UIFN JO WBSJPVT XBZT 	GPS FYBNQMF UP
EFUFSNJOF UIF TFUT 3FM	X
 BOE (PBM	X
 4DIFNBUJDBMMZ
ŇŅ*O QBSUJDVMBS XIJDI TUBUF JT BTDSJCFE JT HPJOH UP CF EFUFSNJOFE CZ UIF LJOE PG DPNQMFNFOU JOWPMWFE "T
*N HPJOH UP QPJOU PVU CFMPX * BTTVNF UIBU UIF DPWFSU NPEBM◇%,→ MPPLT BU UIF Ħĩĩ BSHVNFOU SBUIFS UIBO
BU UIF XPSME POF BOE IFODF JU GPSDFT BTDSJQUJPO PG B QMBO SBUIFS UIBO PG B QSPQPTJUJPO

J 4 LOPXT . . .◇%,→ . . .K  USVF JĒ GPS FWFSZ LOPXMFEHF XPSME X′ . . . GPS BMM
XPSMETX′′ SFMFWBOUMZ TJNJMBS UP X′ BOE GPS BMM XPSMETX′′ XIFSF UIF TVCKFDUT
HPBMT JO X′ BSF TBUJTêFE . . .
ѮF SFTVMU PG UIJT JT UIBU UIF RVFTUJPO FNCFEEFE VOEFS LOPX FOE VQ TBZJOH TPNFUIJOH
BCPVU UIF LOPXMFEHFXPSMET PG UIF TVCKFDU *U JT UIJT QJFDF PG UIF BDDPVOU UIBU XFXBOU UP
DIBOHF 4P * TVCTUJUVUF ĦĩĩT GPS XPSMET ѮF NPEBM ◇%,→ XJMM OPX UBLF BT BSHVNFOUT
ĦĩĩT BOE UIF FNCFEEFE RVFTUJPO XJMM TBZ TPNFUIJOH BCPVU UIF TVCKFDUT QMBOT ѮJT
NPWF DPNCJOFE XJUI UIF TXJUDI JO UIF EFOPUBUJPO PG LOPX JT XIBU HFOFSBUFT UIF TXJUDI
UP OPOGBDUVBMJTN
ѮJT DIBOHF DBMMT GPS B GVSUIFS BEKVTUNFOU 0O #IBUU TFNBOUJDT FBDI LOPXMFEHF
XPSME JT VTFE UP EFUFSNJOF UXP TFUT PG XPSMET 3FM	X
 BOE (PBM	X
B TFU PG SFMFWBOUMZ
TJNJMBS XPSMET BOE B TFU PG HPBMXPSMET 0O NZ TFNBOUJDT XF TUJMM VTF LOPXMFEHF
XPSMET UP EFUFSNJOF B TFU PG DPOUFYUVBMMZ SFMFWBOU HPBMXPSMET (PBM	X
 #VU SBUIFS
UIBO UIF TFU 3FM	X
 XF IBWF B EJĒFSFOU QBSBNFUFS B TFU PG TFUT PG XPSMET SFQSFTFOUJOH
B TFU PG QPTTJCMF DPVSTFT PG BDUJPO 	3FDBMM GSPN TFDUJPO  UIBU B DPVSTF PG BDUJPO DBO CF
NPEFMFE KVTU BT B TFU PG XPSMET
 ѮJT QBSBNFUFS JT HPJOH UP CF EFUFSNJOFE BT B GVODUJPO
PG UIF Ħĩĩ QBSBNFUFS SBUIFS UIBO PG UIF XPSME QBSBNFUFS * SFQSFTFOU JU BT A"DU(N)Ňì
"U UIJT QPJOU * BN BCMF UP TUBUF UIF OFX TFNBOUJDT GPS UIF NPEBM◇%,→ *OGPSNBMMZ
BOE XJUI TPNF BQQSPYJNBUJPO XIBU UIF NPEBM EPFT JT UIF GPMMPXJOH JU MPPLT JOTJEF
BO Ħĩĩ N BOE TBZT UIBU BDDPSEJOH UP N DFSUBJO DPVSTFT PG BDUJPO CSJOH BCPVU DFSUBJO
HPBMT )FSF JT UIF OFX NFBOJOH
J◇%,→ (Q)KX,N JT USVF JĒ CPUI PG UIF GPMMPXJOH DPOEJUJPOT PCUBJO
○ UIFSF JT B XPSME X′ TVDI UIBU X′ ∈ Q BOE X′ ∈ (PBM(X)
○ BDDPSEJOH UPN GPS BMM DPVSTFT PG BDUJPOT" JO"DU(N) TVDI UIBU" ⊆ Q
	JF GPS BMM DPVSTFT PG BDUJPO UIBU JODMVEF BDUJPO Q
 Q CSJOHT JU BCPVU
UIBU UIF SFMFWBOU HPBMT BSF TBUJTêFE UISPVHIPVU" 	JF UIBU" ⊆(PBM(X)

)FSF JT UIF JOUVJUJWF HMPTT PO UIF OFX TFNBOUJDT ⌜◇%,→ (Q)⌝ JT USVF SFMBUJWF UP B XPSME
X BOE BOĦĩĩN KVTU JO DBTF 	B
 Q JT DPOUFNQMBUFE CZ TPNF TVDDFTTGVM DPVSTFT PG BDUJPO
BOE 	C
 BDDPSEJOH UP N DPVSTFT PG BDUJPO JOWPMWJOH Q JOWBSJBCMZ CSJOH JU BCPVU UIBU UIF
DPOUFYUVBMMZ SFMFWBOU HPBMT BSF TBUJTêFE ѮF OFX MFYJDBM FOUSZ JT UIF GPMMPXJOH
J◇%,→KX,N  λQ ∃X′[X′ ∈ (PBM(X) BOE Q(X′)]
BOE ∀"[[" ∈ "DU(N) BOE " ⊆ Q(X′)]→ " ⊆ (PBM(X) JON]
Ňì*G XF UBLF BMM ĦĩĩT UP NBQ BMM QPTTJCMF DPVSTFT PG BDUJPOT JOUP HPBMT UIFO "DU(N) XJMM CF CF UIF TBNF GPS
BMM ĦĩĩT BOE XJMM KVTU CF UIF TFU PG BMM QPTTJCMF DPVSTFT PG BDUJPO #VU * UIJOL JUT VTFGVM UP HJWF B TUBUFNFOU
PG UIF TFNBOUJDT UIBU JT JOEFQFOEFOU PG UIJT BTTVNQUJPO

/PUJDF UIBU PO UIF OFX TFNBOUJDT UIF NPEBM EPFTOU RVBOUJGZ PWFS ĦĩĩT BOZ NPSF CVU
SBUIFS JU RVBOUJêFT 	VOJWFSTBMMZ
 PWFS UIF DPVSTFT PG BDUJPOT MJTUFE CZ BO Ħĩĩ ѮJT JT UIF
NBKPS TIJѫ JO UIFXIPMF DPNQPTJUJPOBMNBDIJOFSZ 4P GBS BT * DBO TFF JU EPFTOU BĒFDU BOZ
PG UIF DPNQPTJUJPOBM QSPQFSUJFT PG A◇%,→Ňí /PUJDF UIBU JO DPOUFYUT XIFSF UIF NPEBM
A◇%,→ EPFT BQQFBS FNCFEEFE VOEFS BO BUUJUVEF WFSC MJLF LOPX UIF USVUI DPOEJUJPOT
PG UIF XIPMF TFOUFODF XJMM TUJMM JOWPMWF VOJWFSTBM RVBOUJêDBUJPO PWFS ĦĩĩT UIBOLT UP UIF
RVBOUJêDBUJPOBM GPSDF PG UIF BUUJUVEF WFSC 8IBU XF EPOU IBWF JT RVBOUJêDBUJPO PWFS
ĦĩĩT UXJDF PWFS BT JU IBQQFOFE JO #IBUUT PSJHJOBM FOUSZ GPS UIF DBTF PG XPSMETŇî
ѮJT OFX NFBOJOH PG UIF NPEBM QSPEVDFT B OFX NFBOJOH GPS JOêOJUJWBM RVFTUJPOT
*UT VTFGVM UP HJWF BO FYBNQMF 4VQQPTF TJNJMBSMZ UP XIBU XF EJE BCPWF UIBU UIFSF JT
POMZ POF TFU PG JOTUSVDUJPOT UIBU SFMJBCMZ HVJEFT B TVCKFDU UP DPPLJOH SJTPUUP TVDDFTTGVMMZ
JF DPPLJOH SJTPUUP JO 8BZ  8F HFU UIBU UIF EFOPUBUJPO PG IPX UP DPPL SJTPUUP JT
JIPX UP DPPL SJTPUUPKX,N 
{λ⟨X′,N′⟩◇%,→ 	Y DPPLT SJTPUUP JO 8BZ 
 BU ⟨X′,N′⟩} 
{λ⟨X′,N′⟩ ѮFSF JT B XPSME X′′ TVDI UIBU Y DPPLT SJTPUUP JO 8BZ  JO X′′
BOE UIF HPBMT JO (PBM(X′) BSF TBUJTêFE JO Xu BOE GPS BMM DPVSTFT PG BDUJPOT
" JO "DU(N′) TVDI UIBU " JODMVEFT Y DPPLJOH SJTPUUP JO 8BZ  Y DPPLJOH
SJTPUUP JO 8BZ  CSJOHT JU BCPVU UIBU UIF HPBMT JO (PBM(X′) BSF TBUJTêFE}
ѮF DPNQPTJUJPOBM EFSJWBUJPO JT FTTFOUJBMMZ BOBMPHPVT UP UIF POF HJWFO GPS UIF GBDUVBMJTU
DBTF TP * TLJQ JU -FU NF KVTU TUBUF UIF USVUI DPOEJUJPOT PG NZ SVOOJOH FYBNQMF 	

"HBJO * BTTVNF UIBU UIFSF BSF POMZ UISFF XBZT UP NBLF SJTPUUP BOE UIBU UIF POMZ HPBM
JT NBLJOH HPPE SJTPUUP BOE UIBU UIF POMZ TFU PG JOTUSVDUJPOT DPOEVDJWF UP TVDDFTT JT UIF
POF UIBU JNQMFNFOUT 8BZ  8F HFU
Ňí-FU NF BMTP OPUJDF UIBU UIF JEFB PG RVBOUJGZJOH PWFS DPVSTFT PG BDUJPOT JT FDIPFE CZ TPNF SFDFOU BOE MFTT
SFDFOU XPSL PO UIF TFNBOUJDT PG EFPOUJD NPEBMT 	TFF FH +BDLTPO  1BSHFUUFS  $BSJBOJ 

ŇîѮF BTZNNFUSZ DBO CF FMJNJOBUFE JG XF NPWF BXBZ GSPN UIF TUBOEBSE XBZ PG DPOTUSVJOH UIF JOUFSBDUJPO
CFUXFFO BUUJUVEF WFSCT BOE NPEBMT BOE BEPQU B OFX QJDUVSF JOTQJSFE CZ SFDFOU XPSL JO TFNBOUJDT GPS
FYBNQMF CZ :BMDJO  BOE (JMMJFT  ѮF CBTJD JEFB JT UIBU XIFO XF IBWF B DPOêHVSBUJPO PG UIF GPSN
įĞīě . . . <. . . ĦĨĝĚĥ . . .>
UIF BUUJUVEF WFSC TIJѫT EJSFDUMZ UIF EPNBJO PG RVBOUJêDBUJPO PG UIF FNCFEEFE NPEBM WJB B EPNBJO QBSBN
FUFS 'PS FYBNQMF UIF TFNBOUJD FĒFDUT PG LOPX DBO CF SFQSFTFOUFE TDIFNBUJDBMMZ BT GPMMPXT
J4 LOPXT <φ>KX,4  'PS BMM X′ DPNQBUJCMF XJUI ,4 JφKX′,,4
XIFSF A,4 SFQSFTFOUT 4T LOPXMFEHF TUBUF $PSSFTQPOEJOHMZ NPEBMT RVBOUJGZ PWFS UIF EPNBJO TQFDJêFE CZ
UIF OFX QBSBNFUFS GPS FYBNQMF TDIFNBUJDBMMZ BHBJO
JNVTU φKX,4  ∀X′ ∈ 4 JφKX′,4  
*G XF DPOTUSVF UIF JOUFSBDUJPO CFUXFFO BUUJUVEF WFSCT BOE UIF TQFDJBM NPEBM ◇%,→ PO UIFTF MJOFT XF DBO
CVJME RVBOUJêDBUJPO PWFS ĦĩĩT EJSFDUMZ JOUP UIF NFBOJOH PG UIF NPEBM "T * TBJE JO UIF NBJO UFYU JUT OPU
DMFBS UP NF UIBU UIJT NBLFT BOZ SFBM EJĒFSFODF UP UIF DPNQVUBUJPO PG USVUI DPOEJUJPOT TP * EPOU EFWFMPQ
UIJT MJOF PG UIPVHIU FYQMJDJUMZ IFSF

J	
KX,N JT USVF JĒ GPS BMM XPSMEĦĩĩ QBJST ⟨X′,N′⟩ DPNQBUJCMF XJUI XIBU
4BN LOPXT JO X
○ UIFSF JT B XPSME X′′ TVDI UIBU 4BN DPPLT SJTPUUP JO 8BZ  JO X′′ BOE
4BNT HPBMT JO X′ BSF TBUJTêFE JO X′′ 	JF 4BN NBLFT HPPE SJTPUUP JO
X′′

○ BDDPSEJOH UPN′ GPS BMM DPVSTFT PG BDUJPOT" JO"DU(N′) TVDI UIBU 4BN
DPPLT SJTPUUP JO 8BZ  JO " 4BNT DPPLJOH SJTPUUP JO 8BZ  CSJOHT JU
BCPVU UIBU 4BNT HPBMT JO X′ BSF TBUJTêFE 	JF UIBU 4BN NBLFT HPPE
SJTPUUP
 JO "
ѮF JOUVJUJWF HMPTT JT OPX UIJT 	
 JT USVF KVTU JO DBTF 4BN LOPXT UIBU DPPLJOH SJTPUUP
JO 8BZ  JT QPTTJCMF BOE BDDPSEJOH UP BMM ĦĩĩT DPNQBUJCMF XJUI 4BNT LOPXMFEHF BMM
DPVSTFT PG BDUJPO UIBU JOWPMWF DPPLJOH SJTPUUP JO 8BZ  CSJOH JU BCPVU UIBU 4BN NBLFT
HPPE SJTPUUP
-FUNF DMPTF CZ TVNNBSJ[JOH UIFNBJONPWFT PG UIJT TFDUJPO UIF TXJUDI UP B OPOGBD
UVBMJTU TFNBOUJDT SFMJFT PO UXP NBJO BMUFSBUJPOT PG #IBUU TFNBOUJDT 'JSTU LOPX RVBO
UJêFT PWFS QBJST PG B XPSME BOE BO Ħĩĩ SBUIFS UIBO KVTU B XPSME 4FDPOE UIF NPEBM
◇%,→ MPPLT BU BMM UIF TVCKFDUT ĦĩĩT BOE DIFDLT UIBU DFSUBJO DPOOFDUJPOT IPME XJUIJO
UIFN *O QBSUJDVMBS JU DIFDLT UIBU QDPVSTFT PG BDUJPO BSF DPVSTFT PG BDUJPO DPOEVDJWF
UP UIF BDIJFWFNFOU PG HPBMT ѮJT NJSSPST WFSZ DMPTFMZ XIBU IBQQFOFE JO UIF PSJHJOBM
GBDUVBMJTU WFSTJPO #VU JU BWPJET UIF DPNNJUNFOU UP GBDUVBMJTN
ĢĢĢ 'JOBM DPNNFOU B HFOFSBMJUZ QSPCMFN 
#FGPSF DMPTJOH MFUNF CSJFëZ DPOTJEFS BO PCKFDUJPO * IBWF TQFDJêFE B TFNBOUJDT UIBU DBO
BTTJHO OPOGBDUVBMJTU USVUI DPOEJUJPOT UP BMM BUUJUVEF SFQPSUT JOWPMWJOH JOêOJUJWBM RVFT
UJPOT 0OF NJHIU JOUSPEVDF FYUSB TUJQVMBUJPOT GPS FYBNQMF POF NBZ DMBJN UIBU A◇%,→
JT BNCJHVPVT BOE UIBU UIF OPOGBDUVBMJTU WFSTJPO POMZ BQQFBST JO LOPXIPX SFQPSUT #VU
VOMFTT POF EPFT TPNFUIJOH PG UIJT TPSU 8F XJMM BTTJHO USVUI DPOEJUJPOT JOWPMWJOH SFGFS
FODF UP OPOGBDUVBMJTU NFOUBM TUBUFT BMTP UP PUIFS LOPXMFEHFXI SFQPSUT XJUI JOêOJUJWBM
DPNQMFNFOUT TVDI BT +PIO LOPXT XIPN UP JOWJUF GPS EJOOFS )FODF UIF TDPQF PG BQ
QMJDBUJPO PG NZ QSPQPTFE TFNBOUJDT JT NVDI XJEFS UIBO LOPXIPX SFQPSUT *T UIJT B
QSPCMFN BOE JG TP EPFT JU EJTRVBMJGZ NZ BDDPVOU 
0OF RVJDL BOTXFS JT UIBU UIF QSFTFOU BDDPVOU JT OP XPSTF PĒ UIBO BOZ PUIFS FYJTU
JOH BDDPVOU PO UIF NBSLFU "OZ BDDPVOU PG UIF TFNBOUJDT PG LOPXIPX SFQPSUT UIBU
UBLFT DPNQPTJUJPOBMJUZ TFSJPVTMZ XJMM SVO JOUP UIF QSPCMFN PG TFUUJOH LOPXIPX SFQPSUT
BTJEF GSPN SFQPSUT JOWPMWJOH PUIFS JOêOJUJWBM RVFTUJPOT 0O UIF VQTJEF TPMVUJPOT UP UIF
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